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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a fuel injection 
method in a fuel injection device capable of realizing 
successful burning and exhaust characteristics, and 
beside capable of ejecting fuel in optional fuel 
injection patterns so as to enhance the flexibility of 
the fuel injection patterns. 

SOLUTION: In this fuel injection device provided with a 
pressure accumulator and a pressure i nten sifie r, an 
injection control valve and a piston control valve are 
controlled independently and phase difference in their 
operations is adjusted, thereby at least any one of the 
maximum injection pressure of fuel ejected from a fuel 
injection nozzle, an injection pressure increasing rate 
when pressure intensifying is started, an injection 
pressure lowering rate when injection is finished, a 
pBot injection pressure or an after injection pressure 
is controlled, and fuel injection is performed. Pressure 
on the way of transition from base common rail pressure 
to static maximum pressure statically fixed by operation 
of the pressure accumulator and pressure intensifier is 
positively utilized and made to be a control Dng 



element, thereby the 1uel injection 
extremely high flexibility can be realized. 
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(54) FUEL INJECTION METHOD IN FUEL INJECTION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel 
injection method in a fuel injection device capable of 
realizing successful burning and exhaust 
characteristics, and beside capable of ejecting fuel in 
optional fuel injection patterns so as to enhance the *■ 
flexibility of the fuel injection patterns. 
SOLUTION: In this fuel injection device provided with 
a pressure accumulator and a pressure intensifier, an 
injection control valve and a piston control valve are 
controlled independently and phase difference in their 
operations is adjusted, thereby at least any one of the 
maximum injection pressure of fuel ejected from a 
fuel injection nozzle, an injection pressure increasing 
rate when pressure intensifying is started, an injection 

pressure lowering rate when injection is finished, a pilot injection pressure or an after 
injection pressure is controlled, and fuel injection is performed. Pressure on the way of 
transition from base common rail pressure to static maximum pressure statically fixed by 
operation of the pressure accumulator and pressure intensifier is positively utilized and 
made to be a controlling element, thereby the fuel injection patterns with extremely high 
flexibility can be realized. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

The pressure accumulator which makes a predetermined pressure the fuel oil which is opened for 
free passage through the main oilway by the reserve well in a fuel injection nozzle, and is fed from a 
fuel booster pump, and is accumulated, 

The pressure latching valve which is prepared in the middle of said main oilway which opens said 
fuel injection nozzle and pressure accumulator for free passage, and intercepts the fuel pressure 
outflow from said fuel-injection-nozzle side to said pressure accumulator side, 
The oil sac for injection control which is open for free passage in the downstream from said pressure 
latching valve of said main oilway which opens said fuel injection nozzle and pressure accumulator 
for free passage, 

The injection control valve which it is prepared in said oil sac for injection control, and makes the 
needle valve in said fuel injection nozzle stop by making fuel oil pressure act on said oil sac for 
injection control, and said needle valve is wide opened [ control valve ] by removing the fuel oil of 
said oil sac for injection control, and makes fuel injection carry out, 

The intensifier which is open for free passage in the downstream to said fuel injection nozzle and 
said oil sac for injection control from said pressure latching valve of said main oilway which opens 
said fuel injection nozzle and pressure accumulator for free passage, 

The intensifier control means which makes the fuel pressure of the downstream increase rather than 

said pressure latching valve by operating said intensifier, 

In the fuel-injection approach in preparation **************^ 

By controlling independently said injection control valve and said intensifier control means, 
respectively, and adjusting the phase contrast of actuation of said both, inside [ it is the rate of 
increase of the highest injection pressure of the fuel injected from said fuel injection nozzle and the 
injection pressure concerned after boost initiation, the decreasing rate of the injection pressure 
concerned in front of injection termination, a pilot injection pressure, and an after injection pressure ] 
changes any one to arbitration at least, and fuel injection is carried out, 
The fuel- injection approach in the fuel injection equipment characterized by things. 
[Claim 2] 

The fuel-injection approach in the fuel injection equipment according to claim 1 characterized by 
what said fiiel injection is carried out for by changing the predetermined pressure of said fuel oil by 
said pressure accumulator the optimal according to a service condition. 
[Claim 3] 

The fuel-injection approach in the fuel injection equipment according to claim 1 or 2 with which the 
pressure-build-up period of the fuel with which the fuel oil consumption by said fuel injection nozzle 
is injected from said fuel injection nozzle at the time of the maximum injection quantity is 
characterized by what was set up so that 1/3 or more [ of all fuel injection periods ] might be 
occupied. 
[Claim 4] 

At the time in the middle of reaching the static maximum pressure statically decided by actuation of 
said pressure accumulator and an intensifier with the geometric boost ratio and said pressure 
accumulator pressure of said intensifier, in case said intensifier is operated by said intensifier control 
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means While operating said injection control valve and starting the fuel injection from said fuel 
injection nozzle The fuel-injection approach in a fuel injection equipment given in any 1 term of 
claim 1 characterized by what the highest injection pressure of the fiiel injected from said fuel 
injection nozzle was set for below to said static maximum pressure thru/or claim 3. 
[Claim 5] 

The fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 
characterized by what actuation of said intensifier control means is stopped, said intensifier is 
suspended, and the injection pressure of the fuel injected from said fuel injection nozzle is reduced 
for to a predetermined pressure before the needle valve in said fuel injection nozzle stops 
completely, in case the fuel injection from said fuel injection nozzle is suspended by said injection 
control valve thru/or claim 4. 
[Claim 6] 

The fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 
characterized by what the opening speed and the closedown rate of a needle valve in said fuel 
injection nozzle were set up for so that it might become quick as the reserve well in said fuel 
injection nozzle and the fuel pressure of said oil sac for injection control increase thru/or claim 5. 
[Claim 7] 

The fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 
characterized by what actuation of said intensifier control means is stopped, said intensifier is 
suspended before starting the after injection concerned, and said after injection is carried out for by 
the middle pressure between the static maximum pressures statically decided by actuation of the 
predetermined pressure by said pressure accumulator, said pressure accumulator, and an intensifier 
in case after injection of a fuel is carried out from said fuel injection nozzle thru/or claim 6. 
[Claim 8] 

The fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 
characterized by what said intensifier is operated for in at least 2 steps or more by said intensifier 
control means when carrying out multistage injection which divides the fuel injection from said fuel 
injection nozzle into multiple times, and performs it in an engine's 1 cycle thru/or claim 7. 
[Claim 9] 

The pressure accumulator which makes a predetermined pressure the fuel oil which is opened for 
free passage through the main oilway by the reserve well in a fuel injection nozzle, and is fed from a 
fuel booster pump, and is accumulated, 

The pressure latching valve which is prepared in the middle of said main oilway which opens said 
fuel injection nozzle and pressure accumulator for free passage, and intercepts the fuel pressure 
outflow from said fuel-injection-nozzle side to said pressure accumulator side, 

The oil sac for injection control which is open for free passage in the downstream from said pressure 
latching valve of said main oilway which opens said fuel injection nozzle and pressure accumulator 
for free passage, 

The injection control valve which it is prepared in said oil sac for injection control, and makes the 
needle valve in said fuel injection nozzle stop by making fuel oil pressure act on said oil sac for 
injection control, and said needle valve is wide opened [ control valve ] by removing the fuel oil of 
said oil sac for injection control, and makes fuel injection carry out, 

The intensifier which is open for free passage in the downstream to said fuel injection nozzle and 
said oil sac for injection control from said pressure latching valve of said main oilway which has a 
cylinder and a piston and opens said fuel injection nozzle and pressure accumulator for free passage, 
making the fuel from said pressure accumulator flow into said cylinder — or the piston control valve 
which moves the piston of said intensifier and makes the fuel pressure of the downstream increase 
rather than said pressure latching valve by making the fuel in said cylinder flow out, 
In the fuel-injection approach in preparation ************** ? 

By controlling the passing speed of the piston of said intensifier, inside [ it is the rate of increase of 
the highest injection pressure of the fuel injected from said fuel injection nozzle and the injection 
pressure concerned at the time of boost initiation the decreasing rate of the injection pressure 
concerned at the time of injection termination, a pilot injection pressure, and an after injection 
pressure ] changes any one to arbitration at least, and fuel injection is carried out, 
The fuel-injection approach in the fuel injection equipment characterized by things. 
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[Claim 10] 

The fuel-injection approach in the fuel injection equipment according to claim 9 characterized by 
what said fuel injection is carried out for by controlling independently said injection control valve 
and said piston control valve, respectively, and adjusting the phase contrast of actuation of said both. 

[Claim 11] 

Control of the passing speed of the piston of said intensifier is the fuel-injection approach in the fuel 
injection equipment according to claim 9 or 10 characterized by what is performed by changing said 
fuel flow passage area of said cylinder by said piston control valve. 
[Claim 12] 

The fuel-injection approach in the fuel injection equipment according to claim 1 1 characterized by 
what said fiiel flow passage area of said cylinder by said piston control valve is changed for during 
the open period of the needle valve in said fuel injection nozzle. 
[Claim 13] 

The fuel-injection approach in the fuel injection equipment according to claim 1 1 or 12 characterized 
by what said fuel passage maximum area of said cylinder by said piston control valve was uniquely 
set up for according to each injection, respectively when carrying out multistage injection which 
divides the fuel injection from said fuel injection nozzle into multiple times, and performs it in an 
engines 1 cycle. 
[Claim 14] 

The fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 1 
characterized by what said fuel flow passage area of said cylinder is substantially changed for by 
opening and closing said piston control valve periodically for a short time thru/or claim 13. 
[Claim 15] 

The fuel-injection approach in the fiiel injection equipment according to claim 14 characterized by 
what the closing motion period of said piston control valve is changed for. 
[Claim 16] 

The fuel-injection approach in the fuel injection equipment according to claim 15 characterized by 
what the closing motion period of said piston control valve was uniquely set up for according to each 
injection, respectively when carrying out multistage injection which divides the fuel injection from 
said fiiel injection nozzle into multiple times, and performs it in an engine's 1 cycle. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] 

This invention relates to the fuel-injection approach in the fuel injection equipment which injects the 

pressurized fuel oil from a fuel injection nozzle. 

[0002] 

[Description of the Prior Art] 

The fuel fed with the high-pressure feed pump is accumulated with a pressure accumulator (the so- 
called common rail), and the pressure accumulation-type (common rail type) fuel injection 
equipment which injects this fuel from a fuel injection nozzle in an engine cylinder to predetermined 
timing is known. 
[0003] 

In a such pressure accumulation-type fuel injection equipment, even if an engine rotational 
frequency becomes a low speed, predetermined fuel injection pressure is maintainable (fuel injection 
pressure not declining), It has greatly contributed to improvement in fuel consumption, or a high 
increase in power by the fuel injection by high pressure. 
[0004] 

By the way, to implementation (clean-izing of exhaust gas) of good emission, it is known that minor- 
diameter-izing of the nozzle injection tip in a fuel injection equipment is effective. However, on the 
other hand, with the injection pressure of a conventional pressure accumulation-type fuel injection 
equipment (common rail injection system), if a thing still smaller than the present injection aperture 
is used, since a fuel injection period will become long too much in a high engine speed and a heavy 
load field, it is surmised to a high increase in power that it is disadvantageous. 
[0005] 

Moreover, it is in the inclination for high rotational frequency-ization to be attained, by the small 
diesel power plant in recent years. Here, the air speed in an engine cylinder increases in proportion 
[ almost ] to an engine speed. Therefore, in the same injection pressure, at the time of a high 
rotational frequency, spraying becomes is easy to pass as compared with the time of a low rotational 
frequency, the air utilization rate in a cylinder falls, and it becomes easy to discharge a smoke (black 
smoke). Therefore, in order to improve this, the further high-pressure-ization of injection pressure is 
desired. However, in the conventional pressure accumulation-type fuel injection equipment 
(common rail injection system) like the above-mentioned, since it is the configuration which 
accumulates a regular predetermined pressure in a pressure accumulator (for example, the maximum 
injection pressure of the present common rail injection system is 130MPa extent), a limitation is to 
high-pressure-ize from the point of the reinforcement of equipment more sharply than this (if it puts 
in another way, it is difficult to form an injection pressure into super-high injection pressure 
compared with the former). 
[0006] 

The fuel injection equipment which formed boost equipment further in the such pressure 
accumulation-type fliel injection equipment on the other hand is proposed (for example, JP,8- 
21332,A). 
[0007] 
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In the fuel injection equipment shown in said official report, the boost equipment which pressurizes 
further the pressurization fuel oil sent out from the pressure accumulator (common rail) according to 
an operation of the selector valve for piston actuation is formed. This boost equipment is equipped 
with the boost piston which consists of a major-diameter piston and a minor diameter piston, and two 
or more oilways which are open for free passage to the selector valve for piston actuation, and the 
fuel sent out from the fuel booster pump flows in boost equipment through the selector valve for 
piston actuation from a pressure accumulator, and is supplied to the oil sac for injection control 
further for injection nozzle control (injector control room), and a list at an injection nozzle. In case a 
fuel is injected, it has composition which carries out change control of the low voltage injection 
which sends and injects the fuel oil from a pressure accumulator to an injection nozzle directly (as it 
is) by the selector valve for fuel-injection control prepared in the oil sac for injection control, and the 
high-pressure injection which sends and injects the fuel oil further pressurized with boost equipment 
to an injection nozzle. Therefore, it can consider as the fuel-injection gestalt suitable for an engine 
operation situation. 
[0008] 

However, there was a fault which produces the following problems in this fuel injection equipment. 
[0009] 

That is, in said fuel injection equipment, since it is a configuration with fixed fuel inlet-port area 
from a pressure accumulator to the major-diameter piston side of an intensifier and fuel exit area by 
the side of the minor diameter piston of the intensifier which is open for free passage to the selector 
valve for piston actuation, the hours history of the fuel pressure when operating an intensifier is 
uniquely determined by the fuel pressure of a pressure accumulator. The example is shown in 
drawing 27 (A) and drawing 27 (B). If an axis of abscissa is expressed with time amount (second) as 
shown in drawing 27 (A), it will not depend for the hours history of the fuel pressure of an intensifier 
lower stream of a river on an engine speed. On the other hand, if an axis of abscissa is expressed 
with an engine crank angle as shown in drawing 27 (B), a pressure buildup will become slow, so that 
an engine speed is high. Therefore, especially in a heavy load, the fuel injection period in the base 
must be set up for a long time whenever [ crank angle ], so that an engine speed is high. Thus, it is an 
inhibition factor to a high increase in power that a fuel injection period becomes long too much, and 
it is not desirable. 
[0010] 

It is mentioned that make the fuel pressure of a pressure accumulator (common rail) increase, and a 
higher engine speed increases the force of acting on an intensifier, and makes the R/C of the fuel 
pressure of a boost piston lower stream of a river increase as the way method for avoiding this. 
However, in inside and a heavy load field, although the injection pressure of the Maine injection 
needs high pressure, a noise reduction and an exhaust air improvement are moreover aimed at at this 
time and pilot injection (carry out fuel injection before the Maine injection) or multi-injection (fuel 
injection of multiple times) is carried out, unlike the Maine injection pressure, generally, the 
optimum value of the injection pressure of this pilot injection is a pressure lower than it. In order to 
inject the reason at an early stage considerably from a compression top dead center, it is for the 
accomplishment force of injection becoming large too much, and making a cylinder liner side 
produce fuel adhesion according to the air temperature in a cylinder and a consistency being low, 
when injection pressure is set up too much highly. However, since it is necessary to heighten the fuel 
pressure (fuel pressure of a pressure accumulator) made to act on the major-diameter piston of an 
intensifier in order to generate high injection pressure in a high engine-speed field in said proposed 
fuel injection equipment, the injection pressure at the time of the pilot injection which injects the fuel 
for a pressure accumulator as it is becomes higher than an optimum value too much, and fuel 
adhesion in a cylinder liner side is not avoided, but become unburnt [ HC ] or a smoked generation 
factor is guessed. 
[0011] 

if it sets up so that the boost piston down- stream pressure at the time of the pilot injection (fuel 
pressure of a pressure accumulator) which was suitable at the time of a high engine speed, and 
intensifier actuation may be obtained appropriately on the other hand, and the fuel path by the side of 
a boost piston major diameter is expanded and passage resistance is decreased for example,, at the 
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time of a low engine speed, the rise of the fuel pressure of the boost piston lower stream of a river in 
the crank angle base at the time of intensifier actuation will become steep. By this, an initial injection 
rate becomes high too much, a premixed combustion rate increases, and NOx and the noise get 
worse. If the fuel pressure of the pressure accumulator at the time of a low engine speed is reduced 
and it is made for the initial injection rate of the Maine injection to become suitable in order to avoid 
this, the atomization condition of the pilot injection injected with the fuel pressure of a pressure 
accumulator will get worse, and it will lead to generating of a smoke. 
[0012] 

On the other hand, if it is made the property which the fuel pressure R/C of the boost piston lower 
stream of a river at the time of intensifier actuation increases with time amount as shown, for 
example in drawing 28 , the Maine injection can also secure high fuel pressure (fuel pressure of a 
boost piston lower stream of a river) in a high engine speed and the condition of having set it as the 
fuel pressure (fuel pressure of a pressure accumulator) of the optimal pilot injection at the time of a 
heavy load. Although this enabled it to realize low NOx, the low noise, and a high power engine 
since the above troubles were solvable, such a setup had not accomplished in the former. 
[0013] 

In addition, the common rail with boost equipment (WO0055496) and the boost type injection 
system (DE41 18237, DE41 18236) of oil pressure and a cam are proposed conventionally. However, 
since the period (inclination period of a pressure) when a pressure changes unlike these having 
regarded the behavior of an injection system as dynamic transient phenomenon like this invention is 
regarded as a transition period when a pressure changes from low voltage to high pressure, it has a 
practical technical problem in various kinds of control about a boost etc. 
[0014] 

[Problem(s) to be Solved by the Invention] 

While this invention can inject a fuel with sharply high super-high injection pressure in consideration 
of the above-mentioned fact compared with the former, the highest injection pressure is not uniquely 
determined by the fuel pressure of a pressure accumulator. Good combustion, An exhaust air 
property is realizable, moreover, it is possible to perform fuel injection by the fuel-injection pattern 
of arbitration, and the degree of freedom of a fuel-injection pattern is expanded (). That is, it is the 
purpose to acquire the fuel-injection approach in the fuel injection equipment which can set up freely 
the rate of increase of the highest injection pressure of a fuel and the injection pressure concerned at 
the time of boost initiation, the decreasing rate of the injection pressure concerned at the time of 
injection termination, a pilot injection pressure, an after injection pressure, etc. 
[0015] 

[Means for Solving the Problem] 

The fuel-injection approach in the fuel injection equipment of invention concerning claim 1 The 
pressure accumulator which makes a predetermined pressure the fuel oil which is opened for free 
passage through the main oilway by the reserve well in a fuel injection nozzle, and is fed from a fuel 
booster pump, and is accumulated, The pressure latching valve which is prepared in the middle of 
said main oilway which opens said fuel injection nozzle and pressure accumulator for free passage, 
and intercepts the fuel pressure outflow from said fuel-injection-nozzle side to said pressure 
accumulator side, The oil sac for injection control which is open for free passage in the downstream 
from said pressure latching valve of said main oilway which opens said fiiel injection nozzle and 
pressure accumulator for free passage, It is prepared in said oil sac for injection control, and the 
needle valve in said fuel injection nozzle is made to stop by making fuel oil pressure act on said oil 
sac for injection control. The injection control valve which said needle valve is opened [ control 
valve ] wide and makes fuel injection carry out by removing the fuel oil of said oil sac for injection 
control, By operating said fuel injection nozzle, the intensifier which is open for free passage to said 
oil sac for injection control, and said intensifier in the downstream rather than said pressure latching 
valve of said main oilway which opens said fuel injection nozzle and pressure accumulator for free 
passage In the fuel-injection approach in the fuel injection equipment equipped with the intensifier 
control means which makes the fuel pressure of the downstream increase rather than said pressure 
latching valve By controlling independently said injection control valve and said intensifier control 
means, respectively, and adjusting the phase contrast of actuation of said both The rate of increase of 
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the highest injection pressure of the fuel injected from said fuel injection nozzle, and the injection 
pressure concerned after boost initiation, It is characterized by the thing of the decreasing rate of the 
injection pressure concerned in front of injection termination, a pilot injection pressure, and the after 
injection pressures for which any one is changed to arbitration at least, and fuel injection is carried 
out. 
[0016] 

The fuel injection equipment with which the rate control approach of fuel injection according to 
claim 1 is applied is equipped with a pressure accumulator, a pressure latching valve, the oil sac for 
injection control, the injection control valve, the intensifier, and the intensifier control means. To an 
intensifier, the fuel (base common-rail-pressure force) from a pressure accumulator is supplied, and 
it boosts this. Moreover, to the fuel injection nozzle, a pressure accumulator injection system 
(common rail type injection system) is constituted by "a pressure accumulator, a pressure latching 
valve, the oil sac for injection control, and the injection control valve", and it has this pressure 
accumulator injection system and the composition that the intensifier has been arranged at 
juxtaposition here. If it puts in another way, an intensifier injection system (jerk formula injection 
system) is constituted by "an intensifier, an intensifier control means, the oil sac for injection control, 
and the injection control valve" to a fuel injection nozzle. 
[0017] 

In case a fuel is injected by the pressure accumulator injection system (common rail type injection 
system), an intensifier is made into a non-operative condition and the fUel oil from a pressure 
accumulator is further fed by the intensifier control means through a pressure latching valve at the 
reserve well in a fuel injection nozzle. At this time, the fuel oil from a pressure accumulator is 
injected from a fuel injection nozzle directly (as it is) by removing the fuel oil of the oil sac for 
injection control by the injection control valve. 
[0018] 

On the other hand, in case a fuel is injected by the intensifier injection system (jerk formula injection 
system), an intensifier is made into an operating state by the intensifier control means. Then, the fuel 
oil further pressurized by the intensifier is fed by the reserve well in a fuel injection nozzle, and the 
oil sac for injection control. At this time, the fuel oil which the injection control valve boosted with 
said intensifier by removing the fuel oil of the oil sac for injection control is injected from a fuel 
injection nozzle. 
[0019] 

Thus, in the fuel injection equipment concerned, change control can be carried out and fuel injection 
of the low voltage injection which sends and injects the fuel oil from a pressure accumulator to a fuel 
injection nozzle as it is, and the high-pressure injection which sends and injects the fuel oil further 
pressurized with the intensifier to a fuel injection nozzle can be carried out. Therefore, the fuel 
injection equipment concerned does the following effectiveness so fundamentally. 
[0020] 

**1 The fuel (base common-rail-pressure force) from a pressure accumulator is supplied to an 
intensifier, and since this is boosted and injected, super-high injection pressure-ization exceeding the 
injection pressure by the conventional common rail injection system is realizable. Therefore, a fuel 
can be injected in a suitable fuel injection period at the time of a high engine speed and a heavy load, 
and improvement in the speed can be attained more. Moreover, it is possible to make a atomization 
improvement of spraying by minor-diameter-izing of a diameter of nozzle hole and the combustion 
improvement by extra-high- voltage-izing of injection pressure without large extension of a fuel 
injection period, and by this, since the oxygen of a combustion chamber is effectively utilizable, also 
in a high rotational frequency, smoked discharge can realize few good combustion conditions. A 
high power engine is realizable by low emission with this. Furthermore, since it is not necessary to 
always accumulate a super-high injection pressure, as compared with the conventional common rail 
injection system which always accumulates predetermined high injection pressure, it is advantageous 
from the point of the reinforcement of an injection system, and low cost-ization can also be attained. 
[0021] 

**2 Since it is the structure where a fiiel is supplied from a pressure accumulator when the parallel 
arrangement of the intensifier is carried out to the pressure accumulator injection system (common 
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rail type injection system) and down-stream fuel pressure becomes below common rail pressure from 
a pressure latching valve, when carrying out after injection after the Maine injection, a fuel is not 
injected with low voltage rather than common rail pressure. The combustion facilitatory effect by 
that the fuel by which the fuel itself by which after injection was carried out did not cause [ of a 
smoke ] generating, and after injection was carried out since after injection of the spraying of a good 
atomization condition was carried out by this carries out disturbance of the burning space, or raising 
the temperature of burning space can be pulled out to the maximum extent. 
[0022] 

Moreover, in inside and a heavy load field, although the injection pressure of the Maine injection 
needs high pressure, a noise reduction and an exhaust air improvement are moreover aimed at at this 
time and pilot injection (or multi-pilot injection) is carried out before the Maine injection, unlike the 
Maine injection pressure, generally, the optimum value of the injection pressure of this pilot 
injection is a pressure lower than it. Also in this case, since change control can be carried out and 
fuel injection of low voltage injection and the high-pressure injection can be carried out, the optimal 
injection pressure can be respectively set up by pilot injection and the Maine injection. 
[0023] 

Furthermore, things injected combining injection with common rail pressure and the injection which 
operated the intensifier free, such as injecting the early stages of injection with common rail 
pressure, operating an intensifier and carrying out high-pressure injection from the middle, or 
operating an intensifier in early stages of injection, carrying out high-pressure injection, suspending 
an intensifier in the middle, and injecting with common rail pressure, are possible. Thus, the degree 
of freedom of an injection pattern is large. 
[0024] 

**3 In the former, in case it prepared for the next injection after operating boost equipment and 
injecting, it was the cause by which there was possibility that cavitation will occur in an oilway and 
erosion will arise, and the endurance of a fuel-injection system got worse remarkably. On the other 
hand, in a fuel injection equipment according to claim 1, since it is the structure where a fuel is 
supplied from a common rail when the parallel arrangement of the intensifier is carried out to the 
pressure accumulator injection system (common rail type injection system) and down-stream fuel 
pressure becomes below common rail pressure from a pressure latching valve, fuel pressure does not 
become below the vapor pressure of a fuel, therefore, since there are no worries about the erosion of 
the oilway by cavitation generating, endurance is markedly alike and improves. 
[0025] ~ ~ ' 

**4 Since the parallel arrangement of the intensifier is carried out to the pressure accumulator 
injection system (common rail type injection system), where between a pressure accumulator and 
intensifiers is intercepted, even if an intensifier breaks down, it can inject with common rail pressure. 
For this reason, an engine does not stop suddenly. 
[0026] 

Here, it faces carrying out fuel injection, an injection control valve and an intensifier control means 
are controlled independently by the fuel-injection approach according to claim 1, respectively, and 
the phase contrast of actuation of both is adjusted. Any one is controlled at least by this by the 
optimal value according to an engine speed or loaded condition of the rate of increase of the highest 
injection pressure of the fuel injected from a fuel injection nozzle, and the injection pressure 
concerned at the time of boost initiation, the decreasing rate of the injection pressure concerned at 
the time of injection termination, a pilot injection pressure, and the after injection pressures, and fuel 
injection is carried out. 
[0027] 

By controlling the fuel pressure (base common rail pressure) by the pressure accumulator, and the 
fuel top pressure up by actuation of an intensifier by the high degree of freedom, in case a needle 
valve is opened wide and fuel injection is carried out, if it puts in another way, the phase contrast of 
the open timing (actuation of an injection control valve) of a needle valve and the actuation timing 
(actuation of an intensifier control means) of an intensifier will be adjusted, and fuel injection will be 
carried out so that it may become the optimal fuel-injection pattern according to an engine speed or 
loaded condition. 
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[0028] 

That is, since the stage of injection can be chosen to the open timing of a needle valve to an injection 
pressure increasing gradually by actuation of an intensifier according to the fuel-injection approach 
in the fuel injection equipment concerned, the control of a fuel-injection pattern based on the 
injection pressure and the injection rate of a fuel is attained. Therefore, a fuel-injection pattern with a 
very high degree of freedom is realizable. 
[0029] 

For example, when carrying out pilot injection, the Maine injection, and multi-injection that 
performs after injection so that it may illustrate to drawing 1 A pilot injection pressure (PI), the 
Maine boot injection pressure (P2), the Maine injection maximum pressure (P3), The rate of an after 
[ the after (injection-pressure Pa) boot fuel-injection-period termination ] pressure buildup (theta 1), 
the highest injection pressure attainment direct total-pressure force R/C (theta 2), the rate of pressure 
drawdown at the time of the Maine injection termination (theta 3), etc. are freely controllable (it sets 
up and carries out). 
[0030] 

thus, by the fuel-injection approach in a fuel injection equipment according to claim 1 While being 
able to inject a fuel with sharply high super-high injection pressure compared with the former, the 
highest injection pressure is not uniquely determined by the fuel pressure of a pressure accumulator. 
Good combustion, In order to be able to realize an exhaust air property and to consider as the control 
member of injection moreover, using positively the pressure between the fuel pressure (base 
common rail pressure) by the pressure accumulator, and the static maximum pressure by actuation of 
an intensifier, It is possible to perform fuel injection by the fuel-injection pattern of arbitration, and 
the degree of freedom of a fuel-injection pattern is expanded (). That is, the rate of increase of the 
highest injection pressure of a fuel and the injection pressure concerned at the time of boost 
initiation, the decreasing rate of the injection pressure concerned at the time of injection termination, 
a pilot injection pressure, an after injection pressure, etc. can be set up freely. 
[0031] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 

2 is characterized by what said fuel injection is carried out for in the fuel-injection approach in a fuel 
injection equipment according to claim 1 by changing the predetermined pressure of said fuel oil by 
said pressure accumulator the optimal according to a service condition. 

[0032] 

Namely, the predetermined pressure (base common rail pressure) of the fuel oil by the pressure 
accumulator If the predetermined pressure (base common rail pressure) of fuel oil it does not need to 
be fixed in all engine performance regions, and according to the pressure accumulator concerned is 
changed like the fuel-injection approach according to claim 2 It is further much more effective to 
performing fuel injection by the fuel-injection pattern of arbitration (setting up freely the rate of 
increase of the highest injection pressure of a fuel, and the injection pressure concerned at the time of 
boost initiation, the decreasing rate of the injection pressure concerned at the time of injection 
termination, a pilot injection pressure, an after injection pressure, etc.). 
[0033] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 

3 is characterized by what the pressure-build-up period of the fUel with which the fuel oil 
consumption by said fuel injection nozzle is injected from said fuel injection nozzle at the time of the 
maximum injection quantity set up so .that 1/3 or more [ of all fuel injection periods ] might be 
occupied in the fuel -injection approach in a fuel injection equipment according to claim 1 or 2. 
[0034] 

Thereby, fuel injection in the fuel-injection pattern of said arbitration can be controlled appropriately 
(the rate of increase of the highest injection pressure of a fuel, and the injection pressure concerned 
at the time of boost initiation, the decreasing rate of the injection pressure concerned at the time of 
injection termination, a pilot injection pressure, after injection pressure, etc.). 
[0035] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 

4 In the fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 thru/or 
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claim 3 At the time in the middle of reaching the static maximum pressure statically decided by 
actuation of said pressure accumulator and an intensifier with the geometric boost ratio and said 
pressure accumulator pressure of said intensifier, in case said intensifier is operated by said 
intensifier control means While operating said injection control valve and starting the fuel injection 
from said fuel injection nozzle, it is characterized by what the highest injection pressure of the fuel 
injected from said fuel injection nozzle was set for below to said static maximum pressure. 
[0036] 

The rate of increase of the injection pressure of the fuel injected from a fuel injection nozzle can be 
set as arbitration by this (adjustable), and even if it is the case that the predetermined pressure (base 
common rail pressure) of fuel oil by the pressure accumulator and the static maximum pressure 
(boost ratio) by the intensifier are temporarily fixed, fuel injection can be carried out by the fuel- 
injection pattern (rate of increase of an injection pressure) of arbitration. 
[0037] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 

5 In the fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 thru/or 
claim 4 In case the fuel injection from said fuel injection nozzle is suspended by said injection 
control valve Before the needle valve in said fuel injection nozzle stops completely, actuation of said 
intensifier control means is stopped, said intensifier is suspended, and it is characterized by what the 
injection pressure of the fuel injected from said fuel injection nozzle is reduced for to a 
predetermined pressure. 

[0038] 

The decreasing rate of the injection pressure concerned at the time of injection termination of the 
fuel injected from a fuel injection nozzle can be set as arbitration by this (adjustable), and the degree 
of freedom of an injection-rate setup can be raised. 
[0039] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 

6 is characterized by what the opening speed and the closedown rate of a needle valve in said fuel 
injection nozzle were set up for so that it might become quick as the reserve well in said fuel 
injection nozzle and the fuel pressure of said oil sac for injection control increase in the fuel- 
injection approach in a fuel injection equipment given in any 1 term of claim 1 thru/or claim 5. 
[0040] 

By this, the opening speed and the closedown rate of a needle valve become quick, so that the 
reserve well in a fuel injection nozzle and the fuel pressure of the oil sac for injection control are 
high. It will pass through a sheet choke field (field with less substantial opening area of a nozzle 
sheet than a nozzle nozzle hole gross area) quickly (a sheet choke period becoming short). Moreover, 
the opening speed and the closedown rate of a needle valve become slow, so that said fuel pressure is 
low, and it will pass through a sheet choke field slowly (a sheet choke period becomes long). 
Therefore, fuel injection in the fuel-injection pattern of said arbitration can be controlled much more 
appropriately (the rate of increase of the injection pressure concerned at the time of boost initiation, 
decreasing rate of the injection pressure concerned at the time of injection termination, etc.). 
Moreover, the effectiveness that it can act so that the injection quantity may become homogeneity 
substantially, even if it changes some stages to suspend actuation of an intensifier since the opening 
speed of a needle valve and a closedown rate become slow, so that said fuel pressure is moreover 
low, and a fuel fuel injection period becomes long, and the variation in the injection quantity can be 
reduced also does so. [0041] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 

7 In the fuel-injection approach in a fuel injection equipment given in any 1 term of claim 1 thru/or 
claim 6 In case after injection of a fuel is carried out from said fuel injection nozzle, before starting 
the after injection concerned, stop actuation of said intensifier control means and said intensifier is 
suspended. It is characterized by what said after injection is carried out for by the middle pressure 
between the static maximum pressures statically decided by actuation of the predetermined pressure 
by said pressure accumulator, said pressure accumulator, and an intensifier. 

[0042] 

In order to perform after injection by the high injection pressure at spacing narrow after the Maine 
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injection in order to, suppose that fuel injection is performed only by the predetermined pressure 
(base common rail pressure) of the fuel oil by the pressure accumulator, and two pressures of the 
static maximum pressure by actuation of an intensifier for example, and to reduce soots (carbon etc.) 
here or to carry out after treatment of exhaust gas, it is possible to carry out after injection by the low 
injection pressure. However, when performing after injection by the high injection pressure at 
spacing narrow after the Maine injection like the above-mentioned and the injection pressure 
concerned is too high, the increment in NOX and the increment in a combustion noise will be 
caused. That is, it is not good to perform after injection by the high injection pressure only in 
consideration of reduction of soots (soot, carbon, etc.), and the optimal pressure exists in the 
injection pressure concerned. If the injection pressure concerned is too low on the other hand when 
carrying out after injection, in order to carry out after treatment of exhaust gas, the problem that a 
soot and PM (particulate matter) increase according to atomization aggravation of spraying will 
arise. Moreover, aggravation of emission will be caused, while a fuel will adhere to an engine's wall 
surface and the problem of fixing and oil dilution of the piston ring will arise, if the injection 
pressure concerned is too high. That is, in order to carry out after treatment of exhaust gas, when 
carrying out after injection, the optimal pressure exists in the injection pressure concerned. Thus, 
when performing fuel injection only by the predetermined pressure (base common rail pressure) by 
the pressure accumulator, and two pressures of the static maximum pressure by actuation of an 
intensifier, optimal fuel injection which can respond to all cannot be carried out. 
[0043] 

By the fuel-injection approach in this point and a fuel injection equipment according to claim 7 In 
order to suspend an intensifier and to carry out after injection by the middle pressure between the 
predetermined pressure (base common rail pressure) by the pressure accumulator, and the static 
maximum pressure by actuation of an intensifier, before starting the after injection concerned in case 
after injection is carried out, By adjusting the halt stage of an intensifier (control), after injection can 
be carried out by the injection pressure of the optimal arbitration which can respond to all. 
[0044] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 
8 is characterized by what said intensifier is operated for in at least 2 steps or more by said intensifier 
control means, when carrying out multistage injection which divides the fuel injection from said fuel 
injection nozzle into multiple times, and carries it out to any 1 term of claim 1 thru/or claim 7 in an 
engine's 1 cycle in the fuel-injection approach in the fuel injection equipment of a publication. 
[0045] 

Thereby, the degree of freedom of an injection pattern can be expanded further. 
[0046] 

On the other hand, the fuel-injection approach in the fuel injection equipment of invention 
concerning claim 9 The pressure accumulator which makes a predetermined pressure the fuel oil 
which is opened for free passage through the main oilway by the reserve well in a fuel injection 
nozzle, and is fed from a fuel booster pump, and is accumulated, The pressure latching valve which 
is prepared in the middle of said main oilway which opens said fuel injection nozzle and pressure 
accumulator for free passage, and intercepts the fuel pressure outflow from said fuel-injection-nozzle 
side to said pressure accumulator side, The oil sac for injection control which is open for free 
passage in the downstream from said pressure latching valve of said main oilway which opens said 
fuel injection nozzle and pressure accumulator for free passage, It is prepared in said oil sac for 
injection control, and the needle valve in said fuel injection nozzle is made to stop by making fuel oil 
pressure act on said oil sac for injection control. The injection control valve which said needle valve 
is opened [ control valve ] wide and makes fuel injection carry out by removing the fuel oil of said 
oil sac for injection control, The intensifier which is open for free passage in the downstream to said 
fuel injection nozzle and said oil sac for injection control from said pressure latching valve of said 
main oilway which has a cylinder and a piston and opens said fuel injection nozzle and pressure 
accumulator for free passage, The piston of said intensifier is moved by [ which make the fuel from 
said pressure accumulator flow into said cylinder ] making the fuel in a twist or said cylinder flow 
out especially. In the fuel-injection approach in the fuel injection equipment equipped with the piston 
control valve which makes the fuel pressure of the downstream increase rather than said pressure 
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latching valve The highest injection pressure of the fuel injected from said fuel injection nozzle by 
controlling the passing speed of the piston of said intensifier, It is characterized by the thing of the 
rate of increase of the injection pressure concerned at the time of boost initiation, the decreasing rate 
of the injection pressure concerned at the time of injection termination, a pilot injection pressure, and 
the after injection pressures for which any one is changed to arbitration at least, and fuel injection is 
carried out. 
[0047] 

The fuel injection equipment with which the rate control approach of fuel injection according to 
claim 9 is applied is the same configuration as the fuel injection equipment with which the rate 
control approach of fuel injection according to claim 1 fiindamentally mentioned above is applied, 
and does the still more nearly same effectiveness so. 
[0048] 

Moreover, it faces carrying out fuel injection, the passing speed of the piston of an intensifier is 
controlled by the fuel-injection approach according to claim 9, any one is adjusted to the optimal 
value according to an engine speed or loaded condition of the rate of increase of the highest injection 
pressure of the fuel injected from a fuel injection nozzle, and the injection pressure concerned at the 
time of boost initiation, the decreasing rate of the injection pressure concerned at the time of 
injection termination, a pilot injection pressure, and the after injection pressures at least, and fuel 
injection is carried out here. 
[0049] 

If it puts in another way, in case a needle valve is opened wide and fuel injection is carried out, the 
passing speed of the piston of an intensifier will be controlled and fuel injection will be carried out 
so that the fuel pressure (base common rail pressure) by the pressure accumulator and the fuel top 
pressure up (******) by actuation of an intensifier may serve as optimal fuel-injection pattern 
according to an engine speed or loaded condition. Therefore, a fuel-injection pattern with a very high 
degree of freedom can be realized, and the same effectiveness as the rate control approach of fuel 
injection according to claim 1 mentioned above is done so. 
[0050] 

For example, when carrying out pilot injection, the Maine injection, and multi-injection that 
performs after injection so that it may illustrate to drawing 1 A pilot injection pressure (PI), the 
Maine boot injection pressure (P2), the Maine injection maximum pressure (P3), The rate of an after 
[ the after (injection-pressure Pa) boot fuel-injection-period termination ] pressure buildup (theta 1), 
the highest injection pressure attainment direct total-pressure force R/C (theta 2), the rate of pressure 
drawdown at the time of the Maine injection termination (theta 3), etc. are freely controllable (it sets 
up and carries out). 
[0051] 

thus, by the fuel-injection approach in a fuel injection equipment according to claim 9 While being 
able to inject a fuel with sharply high super-high injection pressure compared with the former, the 
highest injection pressure is not uniquely determined by the geometric dimension item of the fuel 
pressure of a pressure accumulator, and an intensifier. Good combustion, An exhaust air property is 
realizable, moreover, it is possible to perform fuel injection by the fuel-injection pattern of 
arbitration, and the degree of freedom of a fuel-injection pattern is expanded 0- That is, the rate of 
increase of the highest injection pressure of a fuel and the injection pressure concerned at the time of 
boost initiation, the decreasing rate of the injection pressure concerned at the time of injection 
termination, a pilot injection pressure, an after injection pressure, etc. can be set up freely. 
[0052] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 
10 is characterized by what said fuel injection is carried out for in the fuel-injection approach in a 
fuel injection equipment according to claim 9 by controlling independently said injection control 
valve and said piston control valve, respectively, and adjusting the phase contrast of actuation of said 
both. 
[0053] 

That is, in order to also adjust the phase contrast of actuation of an injection control valve and a 
piston control valve (also combine the fuel-injection approach according to claim 1, and constitute 
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and fold it), it is much more suitable, and it not only controls the passing speed of the piston of an 
intensifier, but [ in order to adjust the injection pattern of a fuel, ] it becomes possible to perform fuel 
injection by the fuel-injection pattern of arbitration, and the degree of freedom of a fuel-injection 
pattern is expanded. 
[0054] 

As the concrete technique which furthermore controls the passing speed of the piston of an 
intensifier here in order to adjust the injection pattern of a fuel, a thing according to claim 1 1 is 
suitable. 
[0055] 

That is, the fiiel-injection approach in the fuel injection equipment of invention concerning claim 1 1 
is characterized by what control of the passing speed of the piston of said intensifier is performed for 
by changing said fuel flow passage area of said cylinder by said piston control valve in the fuel- 
injection approach in a fuel injection equipment according to claim 9 or 10. 
[0056] 

The fuel flow passage area of a cylinder is changed by the piston control valve, and the passing 
speed of a piston is controlled by the fuel-injection approach according to claim 11. That is, if the 
fiiel flow passage area of a cylinder is changed by the piston control valve, the inflow or the flow of 
a fuel into a cylinder will be changed, the passing speed of a piston will be changed, the injection 
pattern of the fuel injected from a fuel injection nozzle will be controlled by the optimal value, and 
fuel injection will be carried out. Therefore, a fuel-injection pattern with a very high degree of 
freedom is realizable. 
[0057] 

Moreover, if in charge of controlling the fuel flow passage area of a cylinder in a piston control 
valve in this case (modification), it is realizable by, for example, making it a configuration from 
which the opening area of the passage concerned changes to the movement magnitude (the amount 
of lifts) of a piston control valve. Moreover, it will become still more effective, if the approach of 
performing position control is used so that migration (lift) of a piston control valve may be stopped 
on the way (in mid-position). 
[0058] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 
12 is characterized by what said fuel flow passage area of said cylinder by said piston control valve 
is changed for during the open period of the needle valve in said fuel injection nozzle in the fuel- 
injection approach in a fuel injection equipment according to claim 11. 
[0059] 

Thereby, the rate of increase and the decreasing rate of the injection pressure concerned can be 

changed into arbitration into a fuel fuel injection period (setup). 

[0060] 

Moreover, in the fiiel-injection approach in a fuel injection equipment according to claim 1 1 or 12, 
the fuel-injection approach in the fuel injection equipment of invention concerning claim 13 is 
characterized by what said fuel passage maximum area of said cylinder by said piston control valve 
was uniquely set up for according to each injection, respectively, when carrying out multistage 
injection which divides the fuel injection from said fuel injection nozzle into multiple times, and 
performs it in an engine's 1 cycle. 
[0061] 

Thereby more much more suitable fuel injection can be carried out. 
[0062] 

Furthermore as the concrete technique which controls the injection rate of a fuel by changing the fuel 
flow passage area of a cylinder by said piston control valve, a thing according to claim 14 or 15 is 
also applicable here. 
[0063] 

That is, the fuel-injection approach in the fuel injection equipment of invention concerning claim 14 
is characterized by what said fuel flow passage area of said cylinder is substantially changed for by 
opening and closing said piston control valve periodically for a short time in the fuel-injection 
approach in a fuel injection equipment given in any 1 term of claim 1 1 thru/or claim 13. 
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[0064] 

Moreover, the fuel-injection approach in the fuel injection equipment of invention concerning claim 
15 is characterized by what the closing motion period of said piston control valve is changed for in 
the fuel-injection approach in a fuel injection equipment according to claim 14. 
[0065] 

Furthermore, in the fuel-injection approach in a fuel injection equipment according to claim 15, the 
fuel-injection approach in the fuel injection equipment of invention concerning claim 16 is 
characterized by what the closing motion period of said piston control valve was uniquely set up for 
according to each injection, respectively, when carrying out multistage injection which divides the 
fuel injection from said fuel injection nozzle into multiple times, and performs it in an engine's 1 
cycle. 
[0066] 

Thereby more much more suitable fuel injection can be carried out. 
[0067] 

[Embodiment of the Invention] 

[The fundamental configuration of a fuel injection equipment] 
(Example 1 of a configuration) 

The whole fuel- injection-equipment 30 configuration concerning the gestalt of operation of this 

invention is shown in drawing 2 . 

[0068] 

The fuel injection equipment 30 is equipped with the pressure accumulator (common rail) 32. The 
reserve well 62 in a fuel injection nozzle 34 is open for free passage through the main oilway 36, and 
this pressure accumulator 32 can accumulate the fuel oil fed from the fuel booster pump 38 by the 
predetermined pressure according to an engine speed or a load. Moreover, the pressure latching 
valve 40 is formed in the middle of the main oilway 36 which opens a fuel injection nozzle 34 and a 
pressure accumulator 32 for free passage. This pressure latching valve 40 intercepts the outflow of 
the fuel pressure from a fuel-injection-nozzle 34 side to a pressure accumulator 32 side. 
[0069] 

Furthermore, the oil sac 42 for injection control is opened for free passage and established in the 
downstream through the orifice 44 rather than the pressure latching valve 40 of the main oilway 36 
which opens a fuel injection nozzle 34 and a pressure accumulator 32 for free passage. The 
command piston 46 is held in this oil sac 42 for injection control, and the command piston 46 is in 
cooperation to the needle valve 48 in a fuel injection nozzle 34 further. Thereby, the fuel oil pressure 
in the oil sac 42 for injection control forces the needle valve 48 in a fuel injection nozzle 34, and it is 
acting so that it may sit down and hold to a nozzle sheet 50. 
[0070] 

Furthermore, the injection control valve 52 is formed in the oil sac 42 for injection control. By 
making fuel oil pressure usually act on the oil sac 42 for injection control, by removing the fuel oil in 
the oil sac 42 for injection control, this injection control valve 52 makes the needle valve 48 in a fuel 
injection nozzle 34 stop, and it opens a needle valve 48 wide, and like the above-mentioned, it is 
constituted so that fuel injection may be made to carry out. 
[0071] 

Furthermore, rather than the pressure latching valve 40 of the main oilway 36 which opens a fuel 
injection nozzle 34 and a pressure accumulator 32 for free passage, an intensifier 54 is open for free 
passage to the oil sac 42 for injection control, and is arranged in it at the downstream. This intensifier 
54 has the cylinder 56 and the piston 58, and when a piston 58 moves, it has composition which the 
fuel oil from a pressure accumulator 32 is boosted further, and can be fed into the oil sac 42 for 
injection control, and a fuel injection nozzle 34. 
[0072] 

Moreover, the piston control valve 60 as an intensifier control means is formed in the intensifier 54. 
It is the configuration that this piston control valve 60 is formed in the oilway 64 from the pressure 
accumulator 32, a piston 58 can be moved by making the fuel oil fed from a pressure accumulator 32 
through an oilway 64 flow into a cylinder 56, and the fuel pressure of the downstream can be made 
to increase rather than the pressure latching valve 40, and, moreover, the inflow of fuel oil can be 
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controlled now by changing the fuel flow passage area to a cylinder 56. 
[0073] 

In addition, the oil sac corresponding to the piston 58 by the side of a major diameter has opened the 

cylinder 56 wide to atmospheric air through the orifice 59. 

[0074] 

Furthermore, the injection control valve 52 and the piston control valve 60 are constituted as a 

solenoid- valve type or a PZT type, and a super-magnetostriction type. 

[0075] 

(Example 2 of a configuration) 

An intensifier 54 can be driven by the pressure-up cam to the fundamental configuration of the fuel 

injection equipment 30 concerning the example 1 of a configuration mentioned above. 

[0076] 

That is, it considers as the configuration which prepared the pressure-up cam as an intensifier control 
means in the intensifier 54. 

This pressure-up cam is considered as the configuration which can move the piston 58 of an 
intensifier 54 directly and can make the fuel pressure of the downstream increase rather than the 
pressure latching valve 40. 
[0077] 

In addition, the condition of not moving a piston 58 can also be set up by preparing a clutch or 
establishing the device in which the cam shaft of a pressure-up cam is moved to the cam shaft of the 
pressure-up cam concerned up, in this case. Furthermore, the device in which the phase of a 
pressure-up cam can be changed may be added further. 
[0078] 

A piston 58 is directly moved by the pressure-up cam concerned, and the intensifier 54 which has the 
configuration which prepared such a pressure-up cam then a cylinder 56, and a piston 58 makes the 
fuel pressure of the downstream increase rather than the pressure latching valve 40 by it. Namely, 
when rotating a pressure-up cam synchronizing with an engine speed, for example and injecting with 
common rail pressure, the clutch of the cam shaft of a pressure-up cam is detached, or a cam shaft is 
moved up and a pressure-up cam changes into the condition of not moving a piston 58. On the other 
hand, in operating an intensifier 54, the clutch of the cam shaft of a pressure-up cam is connected, or 
a cam shaft is moved caudad and a pressure-up cam changes into the condition of moving a piston 58 
directly. Thus, easy structure can constitute equipment. 
[0079] 

Moreover, with the configuration which an intensifier 54 is always operated and boosts the fuel 
pressure of intensifier 54 lower stream of a river, it cannot inject only with common rail pressure 
here. On the other hand, since the condition of not moving a piston 58 by the pressure-up cam can be 
acquired, the fuel pressure of intensifier 54 lower stream of a river can be maintained at common rail 
pressure, and injection with common rail pressure is also attained. Moreover, a pressure-up initiation 
stage can be changed now by establishing the device in which the phase of a pressure-up cam can be 
changed. The degree of freedom of fuel injection timing in the case of operating an intensifier 54 and 
injecting by this, is expandable. 

[A fundamental operation of a fuel injection equipment] 

In the fuel injection equipment 30 of the above-mentioned configuration, it has a pressure 
accumulator 32, the pressure latching valve 40, the oil sac 42 for injection control, the injection 
control valve 52, the intensifier 54, and the piston control valve 60. To an intensifier 54, the fuel oil 
(common rail pressure) from a pressure accumulator 32 is supplied, and it boosts this because a 
piston 58 moves. Moreover, to the fuel injection nozzle 34, a pressure accumulator injection system 
(common rail type injection system) is constituted by "a pressure accumulator 32, the pressure 
latching valve 40, the oil sac 42 for injection control, and the injection control valve 52", and it has 
this pressure accumulator injection system and the composition that the intensifier 54 has been 
arranged at juxtaposition here. If it puts in another way, an intensifier injection system (jerk formula 
injection system) is constituted by "an intensifier 54, the piston control valve 60, the oil sac 42 for 
injection control, and the injection control valve 52" to a fuel injection nozzle 34. 
[0080] 
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It is here, 

1) When a fuel is injected by the pressure accumulator injection system (common rail type injection 
system) 

Before injection initiation, the injection control valve 52 is maintained to a closed state, and the 
pressure in the oil sac 42 for injection control is made equal to the pressure in a pressure accumulator 
32 (common rail pressure). Thereby, the needle valve 48 in a fuel injection nozzle 34 is forced on a 
nozzle sheet 50 through the command piston 46, and a needle valve 48 is held in the state of a 
closedown. 
[0081] 

In case fuel oil is injected, an intensifier 54 is made into a non-operative condition by making the 
piston control valve 60 into a closed state, and the fuel oil from a pressure accumulator 32 is further 
fed through the pressure latching valve 40 by the reserve well 62 in a fuel injection nozzle 34. If the 
fuel oil of the oil sac 42 for injection control is removed by opening the injection control valve 52 at 
this time, the pressure which stops the needle valve 48 in a fuel injection nozzle 34 will decrease, 
and, on the other hand, as for the inside (reserve well 62) of a fuel injection nozzle 34, said common 
rail pressure will be maintained. Thereby, the needle valve 48 in a fuel injection nozzle 34 is opened 
wide, and the fuel oil from a pressure accumulator 32 is directly injected from a fuel injection nozzle 
34 (by pressure as it is). 
[0082] 

In case fuel injection is ended, the pressure of the oil sac 42 for injection control is made equal to 
common rail pressure by closing the injection control valve 52 again. It is again pushed in the 
direction of a closedown through the command piston 46, and the needle valve 48 in a fuel injection 
nozzle 34 sits down to a nozzle sheet 50, and is held by this, and fuel injection is completed. 

2) When a fuel is injected by the intensifier injection system (jerk formula injection system) 
Before injection initiation, the injection control valve 52 is maintained in the clausilium condition, 
and the pressure in the oil sac 42 for injection control is made equal to the pressure in a pressure 
accumulator 32 (common rail pressure). Thereby, the needle valve 48 in a fuel injection nozzle 34 is 
forced on a nozzle sheet 50 through the command piston 46, and a needle valve 48 is held in the state 
of a closedown. 

[0083] 

In case fuel oil is injected, fuel oil is made to flow into an intensifier 54 (cylinder 56) by opening the 
piston control valve 60. Thereby, a piston 58 moves and it boosts fuel pressure. Then, the fuel oil 
pressurized by the intensifier 54 is fed by the reserve well 62 in a fuel injection nozzle 34, and the oil 
sac 42 for injection control. In addition, in this condition, the pressure latching valve 40 worked and 
the fuel oil which it boosted has prevented flowing into a pressure accumulator 32 side. Furthermore, 
at this time, the pressure which stops the needle valve 48 in a fuel injection nozzle 34 with removing 
the fuel oil of the oil sac 42 for injection control by the injection control valve 52 decreases, and, on 
the other hand, the pressure of the fuel oil pressurized by said intensifier 54 is acting in a fuel 
injection nozzle 34 (reserve well 62). Thereby, the needle valve 48 in a fuel injection nozzle 34 is 
opened wide, and the fuel oil which it boosted with the intensifier 54 is injected from a fuel injection 
nozzle 34. 
[0084] 

In case fuel injection is ended, the pressure of the oil sac 42 for injection control is again made equal 
to the pressure in a fuel injection nozzle 34 (reserve well 62) by the injection control valve 52. It is 
pushed in the direction of a closedown, and the needle valve 48 in a fuel injection nozzle 34 sits 
down to a nozzle sheet 50, and is held by this, and fuel injection is completed. 
[0085] 

Furthermore, in preparation for the next injection, the piston control valve 60 of an intensifier 54 is 
closed, the pressure in the cylinder 56 (pump box) of an intensifier 54 is reduced rather than common 
rail pressure, and a piston 58 is again moved to the original location. If down- stream fuel pressure 
turns into below common rail pressure from the pressure latching valve 40 in connection with this, 
the pressure latching valve 40 will open wide promptly, and it will become fuel pressure almost 
equal to common rail pressure. 
[0086] 
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Thus, in the fuel injection equipment 30 concerning the gestalt of this operation, change control can 
be carried out and fuel injection of the high-pressure injection which sends the fuel oil which 
pressurized the fuel oil from a pressure accumulator 32 further with the intensifier 54 with the low 
voltage injection which sends to a fuel injection nozzle 34 as it is, and injects to a fuel injection 
nozzle 34, and injects can be carried out. Therefore, a fuel injection equipment 30 does the following 
effectiveness so fundamentally. 
[0087] 

**1 The fuel of the (common rail pressure) from a pressure accumulator 32 is supplied to an 
intensifier 54, and since this is boosted and injected, super-high injection pressure-ization (for 
example, maximum injection pressure 300MPa) sharply exceeding the injection pressure by the 
conventional common rail injection system is realizable. Therefore, while being able to inject a fuel 
in a suitable fuel injection period at the time of a high engine speed and a heavy load and being able 
to attain improvement in the speed more, good combustion is attained and a high power engine can 
be realized by low emission. 
[0088] 

Moreover, it is possible to compensate reduction of the spraying accomplishment force by minor- 
diameter-izing of the diameter of nozzle hole of a fuel injection nozzle by extra-high voltage-ization 
of injection pressure, and by this, since the oxygen of a combustion chamber is effectively utilizable, 
also in a high rotational frequency, smoked discharge can realize few good combustion conditions. 
[0089] 

Furthermore, since it is not necessary to always accumulate a super-high injection pressure, as 
compared with the conventional common rail injection system which always accumulates 
predetermined high injection pressure, it is advantageous from the point of the reinforcement of an 
injection system, and low cost-ization can also be attained. 
[0090] 

**2 Since it is the structure where a fuel is supplied from a pressure accumulator 32 when the 
parallel arrangement of the intensifier 54 is carried out to the pressure accumulator injection system 
(common rail type injection system) and down-stream fuel pressure becomes below common rail 
pressure from the pressure latching valve 40, when carrying out after injection at the time of a high 
rotational frequency and a heavy load, a fuel is not injected with the low voltage below common rail 
pressure. The combustion facilitatory effect by the fuel by which the fuel itself by which after 
injection was carried out did not cause [ of a smoke ] generating, and after injection was carried out 
since after injection of the spraying of a good atomization condition was carried out by this carrying 
out disturbance of the burning space can be pulled out to the maximum extent. 
[0091] 

Moreover, since change control can be carried out and fuel injection of low voltage injection and the 
high-pressure injection can be carried out, the optimal injection pressure can be respectively set up 
by pilot injection, the Maine injection, and after injection. 
[0092] 

Furthermore, it is possible to inject combining injection with common rail pressure and the injection 
which operated the intensifier 54 free, and the degree of freedom of an injection pattern is large. 
[0093] 

**3 since it is the structure where a fuel is supplied from a pressure accumulator 32 when the parallel 
arrangement of the intensifier 54 is carried out to the pressure accumulator injection system 
(common rail type injection system) and down-stream fuel pressure becomes below common rail 
pressure from the pressure latching valve 40 and fuel pressure does not become below the vapor 
pressure of a fuel, there are no worries about the erosion of the oilway by cavitation generating, and 
endurance is markedly alike and improves. 
[0094] 

**4 Since the parallel arrangement of the intensifier 54 is carried out to the pressure accumulator 
injection system (common rail type injection system), where between a pressure accumulator 32 and 
intensifiers 54 is intercepted, even if an intensifier 54 breaks down, it can inject with common rail 
pressure. For this reason, an engine does not stop suddenly. 
[0095] 
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In addition, even if it is the case of a configuration of that it was made to perform the drive of the 
fuel injection equipment 54 concerning the example 2 of a configuration mentioned above, i.e., an 
intensifier, by the pressure-up cam, the same operation and effectiveness as said fuel injection 
equipment 30 are done so. 
[0096] 

In addition, as shown in drawing 2 , the example which operates an intensifier 54 by making fuel oil 
flow into an intensifier 54 was explained here, but as shown in drawing 3 , the gestalt which operates 
an intensifier 54 by making fuel oil flow out of an intensifier 54 is also possible. 
[0097] 

Moreover, in order that that drawing 2 and drawing 3 consider as an orifice 61 and a 3 in all way 
valve structure in the example which combines it with an orifice 59 in the example shown in drawing 
2 , and shows it to drawing 3 although the piston control valve 60 is briefly shown as a method valve 
of two may also decrease the fuel quantity used for actuation of an injector, it is effective. Moreover, 
although the injection control valve 52 is shown as a method valve of two, it is good as a method 
valve structure of three similarly. Furthermore, although the needle valve 48 in a fuel injection 
nozzle 34 and the oil sac 42 for injection control are connected through the command piston 46, they 
are the same working principle also with the gestalt which omitted the command piston 46, and are 
good also as such a gestalt. 
[The fuel-injection approach] 

A. The fundamental property on the explanation in fuel injection 

First, the fundamental property at the time of the injection in the case of injecting with common rail 
pressure in the explained fuel injection equipment 30 is explained like the above-mentioned. 
[0098] 

in addition, as the pressure accumulator injection system (common rail type injection system) a 
system used "2 a way valve" like an injection control valve 52 as an injection control bulb be 
generally show in drawing 4 (A), the passing speed (lift rate) of the needle valve 48 in a fuel 
injection nozzle 34 be comparatively slow at both the times of valve opening and clausilium, and a 
sheet choke field (field with less substantial opening area of nozzle sheet 50 part than a nozzle 
nozzle hole gross area) exist like the gestalt of this operation. On the other hand, with migration of a 
needle valve 48, it does not become large gradually or an opening area effective in injection of the 
fuel in a fuel injection nozzle 34 does not become small gradually, but as shown in drawing 4 (B), 
the maximum area restricted with a nozzle nozzle hole gross area in most periods is secured. 
However, it is late that injection pressure and an injection rate become max for the stage when a 
geometric nozzle effective area product becomes max a little in fact, as shown in drawing 4 (C). 
Since the number of nozzle nozzle holes is restricted to that to which opening of the nozzle sheet 50 
part is carried out for this over the needle perimeter (the opening area of nozzle sheet 50 part is 
secured to the needle perimeter), it is because opening area of said nozzle sheet 50 part cannot be 
used effectively, and it is the same at the time of fuel-injection termination. 
[0099] 

By explanation in the gestalt of this operation, in order to simplify explanation, as shown in drawing 
4 (D), injection pressure and an injection rate are indicated dependent on a geometric nozzle sheet 
section opening area (henceforth, it is called a nozzle effective area product). 
[0100] 

Next, the pressure variation in front of the nozzle sheet 50 part in the case of injecting a fuel by the 

intensifier injection system (jerk formula injection system) is explained. 

[0101] 

Since the fuel is emitted by injection also while boosting if the fuel injection nozzle 34 (needle valve 
48) has opened wide as shown in drawing 5 , the rate of increase of a pressure becomes low. in this 
case — if the inclination (rate of increase) of a pressure is decided when [ one ] the fuel injection 
nozzle 34 is closed down to the base common-rail-pressure force and it has opened [ one ] wide, and 
the base common-rail-pressure force is changed further — this — inclining (rate of increase) — it 
changes. 
[0102] 

Moreover, when initiation and a halt of fuel injection are during actuation of an intensifier 54 (piston 
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58), the rate of increase of an actual injection pressure changes continuously corresponding to a 

continuous change of a nozzle effective area product. 

[0103] 

However, by explanation in the gestalt of this operation, in order to give explanation easy, the rate of 
pressure build-up is low the inside of a fuel fuel injection period, and it explains high [ the rate of 
pressure build-up ] at the time of a fuel-injection halt. 
The approach by B. "phase contrast control of bulb actuation" 

1 . Setup of suitable conditions. 
[0104] 

In the so-called injection-rate control to which an injection pressure is changed throughout [ injection 
term ], in order to acquire the effectiveness highly, as shown in drawing 6 , it is suitable that the 
pressure-build-up period of the fuel with which the fuel oil consumption by the fuel injection nozzle 
34 is injected at the time of the maximum injection quantity which an engine demands sets up so that 
1/3 or more [ of all fuel injection periods ] may be occupied. Therefore, in carrying out fuel injection 
by the fuel-injection pattern of arbitration by "phase contrast control of bulb actuation", such a setup 
is desirable. 
[0105] 

Thereby, fuel injection in the fuel-injection pattern of arbitration can be controlled appropriately (the 
rate of increase of the highest injection pressure of a fuel, and the injection pressure concerned at the 
time of boost initiation, the decreasing rate of the injection pressure concerned at the time of 
injection termination, a pilot injection pressure, after injection pressure, etc.). 
[0106] 

2. Control of the rate of increase of highest injection pressure and the injection pressure concerned at 
time of boost initiation. 

[0107] 

Fuel injection can be carried out by the fuel-injection pattern of arbitration by controlling 
independently the open timing (actuation timing of the injection control valve 52) of a needle valve 
48, and the actuation timing (actuation timing of the piston control valve 60) of an intensifier 54, 
respectively, and adjusting the phase contrast of actuation of each control valve. 
[0108] 

An example of a fuel-injection pattern which set the highest injection pressure and the rate of 
injection pressure build-up as arbitration is shown to drawing 7 (A) thru/or drawing 7 (D) by by 
changing the phase contrast of actuation of such an injection control valve 52 and the piston control 
valve 60. 
[0109] 

As shown in this drawing 7 (A) thru/or drawing 7 (D), injection pressure increases rapidly so that a 
nozzle effective area product may become the same as the pressure in front of nozzle sheet 50 part at 
the stage (stage which a sheet choke finishes) to become max. Then, at the time of fuel-injection 
termination, a pressure declines between sheet choke periods. Therefore, by controlling appropriately 
the phase contrast (actuation timing) of actuation of the injection control valve 52 and the piston 
control valve 60, the nozzle sheet 50 partial direct total-pressure force at the time of fuel-injection 
initiation can be chosen as arbitration, and, thereby, the rate of increase of the highest injection 
pressure and the injection pressure concerned at the time of boost initiation can be changed. 
[0110] 

The rate of increase of an injection pressure can be chosen as arbitration by starting fuel injection, 
when the pressure in front of nozzle sheet 50 part is a pressure of the arbitration between the highest 
injection pressures statically decided by the boost ratio of the base common-rail-pressure force and 
an intensifier 54, as shown in drawing 7 (B) or drawing 7 (C) especially in this case. Moreover, even 
if the base common-rail-pressure force and the highest injection pressure are the same so that it may 
be shown by the comparison of drawing 7 (C) and drawing 7 (D), the rate of increase of an injection 
pressure can be changed. 
[0111] 

In addition, in drawing 7 (A) thru/or drawing 7 (D), each is shown about the case where a fuel 
injection period is the same. Although it is necessary to shorten operating time of the injection 
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control valve 52, and to shorten a fuel injection period so that it becomes the pattern of drawing 7 
(D) from the pattern of drawing 7 (A) in order to make fuel oil consumption the same by each ****, 
it cannot be overemphasized that the rate of increase of an injection pressure and the highest 
injection pressure are controllable by the phase contrast of actuation of each control valve also in that 
case as the above-mentioned explanation. 
[0112] 

As mentioned above, by controlling and adjusting appropriately the phase contrast (actuation timing) 
of actuation of the injection control valve 52 and the piston control valve 60, the highest injection 
pressure and the rate of injection pressure build-up can be set as arbitration, and the degree of 
freedom of injection can be raised. 
[0113] 

In addition, in control of the phase contrast of two control valves mentioned above, the rate of 
increase of an injection pressure is mutually connected with the highest injection pressure, and 
changes. That is, in the case where the pressure at the time of injection initiation is higher, the rate of 
increase of an injection pressure becomes high. Moreover, although the above explanation makes an 
injection pressure correspond with a geometric nozzle effective area product, and is simplified and 
shown and the sheet choke stage when the changing point of a pressure actual like the above- 
mentioned is geometric is not strictly in agreement, explanation of the essence of this control 
approach does not change. 
[0114] 

In drawing 7 (A) thru/or drawing 7 (D) mentioned above, the property (needle lift property) of a fuel 
injection nozzle 34 (needle valve 48) is shown as a thing independent of a pressure. However, in the 
common rail fuel injection equipment which has the injection control valve and command piston of 
the method valve type of two, for example, a needle rate has the description it is quick featureless at 
both the times of - clausilium at the time of valve opening, so that a pressure is high, as shown in 
drawing 8 . 
[0115] 

Therefore, in the fuel injection equipment (fuel injection nozzle) of the property that a needle lift rate 
becomes quick according to a pressure, a needle lift rate becomes quick and a sheet choke period 
will be quickly passed, so that the pressure in early stages of injection is high. Therefore, if it 
controls in consideration of this needle lift property, the control effectiveness of said highest 
injection pressure by phase contrast control of actuation of the injection control valve 52 and the 
piston control valve 60 and the rate of injection pressure build-up can be pulled out still more 
effectively. 
[0116] 

3. Control of decreasing rate of the injection pressure concerned at time of injection termination. 
[0117] 

Before the needle valve 48 in a fuel injection nozzle 34 stops completely, actuation of the piston 
control valve 60 is stopped in drawing 9 (A) thru/or drawing 9 (C), an intensifier 54 is suspended to 
it, and, specifically, an example of a fuel-injection pattern which set the highest injection pressure 
and the rate of an injection pressure drop as arbitration is shown to it by by changing the phase 
contrast of actuation of the injection control valve 52 and the piston control valve 60. 
[0118] 

By stopping, while the needle valve 48 has opened the intensifier 54 wide (during a needle lift 
period), as shown in this drawing 9 (A) thru/or drawing 9 (C), the injection pressure of the fuel 
injected from a fuel injection nozzle 34 can be reduced to the base common-rail-pressure force as it 
is low. That is, as an intensifier 54 is shown in drawing 9 (B) or drawing 9 (C) to the case (in the 
case of drawing 9 (A)) where it is made to operate to the last, the decreasing rate of the injection 
pressure concerned at the time of injection termination can be made low. Thereby, the degree of 
freedom of an injection-rate setup can be raised. 
[0119] 

In addition, in drawing 9 (A) thru/or drawing 9 (C), each is shown about the case where a fuel 
injection period is the same. Although the pattern of drawing 9 (A) and the pattern of drawing 9 (C) 
are comparable injection quantity, the injection quantity of the pattern of drawing 9 (B) has 
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decreased. Although it is necessary to'extend the operating time of the injection control valve 52, and 
to lengthen a fuel injection period in order to make the injection quantity of the pattern of drawing 9 
(B) comparable as the injection quantity of the pattern of drawing 9 (A) and drawing 9 (C), it cannot 
be overemphasized that the decreasing rate of an injection pressure is controllable by the phase 
contrast of actuation of each control valve also in that case as the above-mentioned explanation. 
[0120] 

As mentioned above, by controlling and adjusting appropriately the phase contrast (actuation timing) 
of actuation of the injection control valve 52 and the piston control valve 60, the decreasing rate of 
the injection pressure concerned at the time of injection termination can be set as arbitration, and the 
degree of freedom of injection can be raised. 
[0121] 

In addition, the decreasing rate of an injection pressure is controllable independently by control 
(suspend an intensifier 54 during the needle lift period of a needle valve 48) of the phase contrast of 
two control valves mentioned above with the highest injection pressure. Moreover, what (it is made 
to differ and sets up) the decreasing rate of a pressure is changed also for with the equivalent 
injection quantity although the same is said of the highest injection pressure is possible like the 
pattern of drawing 9 (A) and drawing 9 (C) by controlling combining 1 . "control of the rate of 
increase of the highest injection pressure and the injection pressure concerned at the time of boost 
initiation" mentioned above (using together). 
[0122] 

Moreover, although the above explanation makes an injection pressure correspond with a geometric 
nozzle effective area product, and is simplified and shown and the sheet choke stage when the 
changing point of a pressure actual like the above-mentioned is geometric is not strictly in 
agreement, explanation of the essence of this control approach does not change. 
[0123] 

In drawing 9 (A) thru/or drawing 9 (C) mentioned above, the property (needle lift property) of a fuel 
injection nozzle 34 (needle valve 48) is shown as a thing independent of a pressure. However, in the 
common rail fuel injection equipment which has the injection control valve and command piston of 
the method valve type of two, for example, a needle rate has the description it is quick featureless at 
both the times of - clausilium at the time of valve opening, so that a pressure is high, as shown in 
drawing 8 mentioned above. 
[0124] 

Therefore, in the fuel injection equipment (fuel injection nozzle) of the property that a needle lift rate 
becomes quick according to a pressure, a needle lift rate becomes quick and a sheet choke period 
will be quickly passed, so that the pressure in early stages of injection is high. Therefore, if it 
controls in consideration of this needle lift property, the control effectiveness of the decreasing rate 
of the injection pressure concerned at the time of said injection termination by phase contrast control 
of actuation of the injection control valve 52 and the piston control valve 60 can be pulled out still 
more effectively. Moreover, the effectiveness that it can act so that the injection quantity may 
become homogeneity substantially, even if it changes some stages to suspend actuation of an 
intensifier 54 since the opening speed of a needle valve 48 and a closedown rate become slow, so 
that fuel pressure is moreover low, and a fuel fuel injection period becomes long, and the variation in 
the injection quantity can be reduced also does so. 
[0125] 

4. Control of after injection pressure (pilot injection pressure). 
[0126] 

Before starting after injection, the piston control valve 60 is operated in drawing 10 (A) thru/or 
drawing 10 (D), an intensifier 54 is suspended to it, and, specifically, an example of a fuel-injection 
pattern which set the after injection pressure as arbitration is shown to it by by changing the phase 
contrast of actuation of the injection control valve 52 and the piston control valve 60. 
[0127] 

As shown in this drawing 10 (A) thru/or drawing 10 (D), in case after injection is carried out, before 
starting the after injection concerned, the piston control valve 60 can be operated, an intensifier 54 
can be suspended, and after injection can be carried out by the middle pressure of the arbitration 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/9/2005 



JP,2004-044494,A [DETAILED DESCRIPTION] Page 1 9 of 27 



between the base common-rail-pressure force and the highest injection pressure geometrically 

decided by actuation (boost ratio) of an intensifier 54. 

[0128] 

In order to perform after injection by the high injection pressure at spacing narrow after the Maine 
injection in order to suppose that fuel injection is performed only by two pressures, the base 
common-rail-pressure force by the pressure accumulator 32, and the static maximum pressure by 
actuation of an intensifier 54, and to reduce soots (carbon etc.) here or to carry out after treatment of 
exhaust gas, it is possible to carry out after injection by the low injection pressure. However, when 
performing after injection by the high injection pressure at spacing narrow after the Maine injection 
like the above-mentioned and the injection pressure concerned is too high, the increment in NOX 
and the increment in a combustion noise will be caused. That is, it is not good to perform after 
injection by the high injection pressure only in consideration of reduction of soots (soot, carbon, 
etc.), and the optimal pressure exists in the injection pressure concerned. If the injection pressure 
concerned is too low on the other hand when carrying out after injection, in order to carry out after 
treatment of exhaust gas, the problem that a soot and PM (particulate matter) increase according to 
atomization aggravation of spraying will arise. Moreover, when the injection pressure concerned is 
too high, a fuel will adhere to an engine's wall surface and will cause the problem of fixing and oil 
dilution of the piston ring, and aggravation of emission. That is, in order to carry out after treatment 
of exhaust gas, when carrying out after injection, the optimal pressure exists in the injection pressure 
concerned. Thus, when performing fufel injection only by two pressures, the base common-rail- 
pressure force and a static maximum pressure, optimal fiiel injection which can respond to all cannot 
be carried out. 
[0129] 

With this point and a book "3. control of an after injection pressure", since an intensifier 54 is 
suspended and after injection is carried out by the middle pressure between the base common-rail- 
pressure force and a static maximum pressure before starting the after injection concerned in case 
after injection is carried out, after injection can be carried out by adjusting the halt stage of an 
intensifier 54 (control) by the injection pressure of the optimal arbitration which can respond to all. 
[0130] 

Moreover, when carrying out multistage injection which divides the fuel injection from a fuel 
injection nozzle 34 into multiple times, and performs it in an engine's 1 cycle, the degree of freedom 
of an injection pattern can be further expanded by operating an intensifier 54 in at least 2 steps or 
more. 
[0131] 

The conclusion of the approach by 5. "phase contrast control of bulb actuation." 
[0132] 

Fuel injection can be carried out by the fuel-injection pattern of arbitration like the above-mentioned 
by controlling independently the open timing (actuation timing of the injection control valve 52) of a 
needle valve 48, and the actuation timing (actuation timing of the piston control valve 60) of an 
intensifier 54 by the fuel-injection approach by explained "phase contrast control of bulb actuation", 
respectively (the phase contrast of actuation of each control valve is controlled). 
[0133] 

Namely, the fuel- injection pattern based on the injection pressure and the injection rate of a fuel 
which face carrying out fuel injection and are injected from a fuel injection nozzle 34 for example, 
the optimal fuel pressure of pilot injection and the fuel pressure of the Maine injection according to 
an engine speed or loaded condition — Or so that it may become said set-up fuel-injection pattern by 
controlling the fuel pressure by the pressure accumulator 32, and the fuel top pressure up by 
actuation of an intensifier 54 in case the injection rate is set up beforehand, a needle valve 48 is 
opened wide and fuel injection is carried out The open timing of a needle valve 48 and the actuation 
timing of an intensifier 54 are determined (actuation phase contrast is adjusted). Fuel injection is 
carried out by said set-up fuel-injection pattern by controlling independently actuation of the 
injection control valve 52, and actuation of the piston control valve 60 by said each determined 
timing after an appropriate time, respectively. 
[0134] 
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therefore, according to this fuel-injection approach, like the fuel-injection pattern shown in drawing 
1 When carrying out pilot injection, the Maine injection, and multi-injection that performs after 
injection A pilot injection pressure (PI), the Maine boot injection pressure (P2), the Maine injection 
maximum pressure (P3), The rate of an after [ the after (injection-pressure Pa) boot fuel-injection- 
period termination ] pressure buildup (theta 1), the highest injection pressure attainment direct total- 
pressure force R/C (theta 2), the rate of pressure drawdown at the time of the Maine injection 
termination (theta 3), etc. are freely controllable (it sets up, or chooses and carries out). . 
[0135] 

Thereby, according to this fuel-injection approach, the following effectiveness is done so. 
**1 Generally, in diesel combustion, as shown in drawing 1 1 (A), after fuel injection is started, it has 
some time amount (ignition-delay period) by ignition. In the case of the rectangle injection rate 
according [ a fuel-injection pattern ] to a pressure accumulator injection system (common rail type 
injection system), since a lot of fuels which a lot of fuels during said ignition-delay period were 
injected, and were injected during this ignition-delay period bum at once, the increment in NOx and 
the noise will be caused. 
[0136] 

On the other hand, by controlling an initial injection rate by said fuel-injection approach, as shown in 
drawing 1 1 (B), it can consider as the good combustion with low fuel- injection pattern which 
controlled the initial injection rate then NOx, and noise. 

**2 On an engine's full load conditions, fuel injection timing and the injection quantity are restricted 
by the maximum cylinder internal pressure, in order to secure an engine's reinforcement. Here, as 
shown in drawing 12 (A), in the case of the rectangle injection rate according [ a fuel-injection 
pattern ] to a pressure accumulator injection system (common rail type injection system), there are 
many early amounts of combustion, and they cannot advance fuel injection timing to it. 
[0137] 

On the other hand, since the fuel-injection pattern which controlled the initial injection rate, then fuel 
injection timing can be advanced and a lot of fuels can be injected as by controlling an initial 
injection rate by said fuel-injection approach shows to drawing 12 (B), high torque can be acquired. 
And NOx and the noise can also be reduced at this time. 

**3 When the usual pressure accumulator injection system (common rail type injection system) 
performs multi-injection, each injections (pilot injection, the Maine injection, after injection, 
postinjection, etc.) of all are performed by the same pressure. However, there is the optimal pressure 
for each injection in fact. In the fuel injection by this fuel-injection approach, since each injection 
can be performed as it is the the best for each when performing multi-injection, an exhaust air 
property improves and the noise decreases. 
[0138] 

For example, if the pressure of pilot injection is too high, problems, such as an increment in unburnt 
[ by wall surface adhesion of a fuel / HC ] and oil dilution, will be produced. Moreover, there is a 
problem of** that the controllability at the time of slight amount injection is bad, pilot combustion 
is intense at the time of contiguity pilot injection, and the noise-reduction effectiveness is not fully 
acquired. On the contrary, if the pressure of pilot injection is too low, reduction of the noise- 
reduction effectiveness by aggravation of atomization and the increment in a smoke will pose a 
problem. 
[0139] 

On the other hand, in the fuel injection by this fuel-injection approach, since the pressure of pilot 
injection can be independently set up uniquely with the Maine injection, the effectiveness of pilot 
injection improves. 

The approach by C. "passing speed control of the piston of an intensifier" 

1. Control of the rate of increase of the injection pressure concerned at time of boost initiation, and 

decreasing rate of the injection pressure concerned at time of injection termination. 

[0140] 

Since it can inject by the pressure of arbitration from low voltage to high pressure in the fuel 
injection equipment 30 explained like the above-mentioned, Although the optimal injection pressure 
can be respectively set up by pilot injection, the Maine injection, and after injection, it is possible to 
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inject moreover, combining injection with common rail pressure and the injection which operated the 
intensifier 54 free and fuel injection can be carried out by the injection pattern of arbitration 
Furthermore, the injection rate of the fuel injected from a fuel injection nozzle 34 can be set as 
arbitration by controlling the inflow of fuel oil by changing the fuel flow passage area (substantial 
opening area of passage) to a cylinder 56 about the piston control valve 60 (modification). 
[0141] 

Here, in order to carry out fuel injection by the injection pattern of the injection rate of such 
arbitration, the fuel-injection pattern (for example, rate of fuel injection of the optimal pilot injection 
or the Maine injection according to an engine speed or loaded condition) based on the injection rate 
of the fuel injected from a fuel injection nozzle 34 is set up beforehand, and in case a needle valve 48 
is opened wide and fuel injection is carried out, the fuel flow passage area to the cylinder 56 by the 
piston control valve 60 is determined so that it may become said set-up injection rate. Fuel injection 
is carried out at said set-up injection rate by controlling actuation of the piston control valve 60 after 
an appropriate time based on said determined fuel flow passage area (movement magnitude and a 
migration stage are adjusted). 
[0142] 

According to this fuel-injection approach, if the fuel flow passage area of a cylinder 56 is changed by 
the piston control valve 60, the inflow of the fuel into a cylinder 56 will be changed, the passing 
speed (variation rate rate) of a piston 58 will be changed, and it will become possible to set the boost 
rate of the fuel sent to a ftiel injection nozzle 34, i.e., the injection rate of the fuel injected from a fuel 
injection nozzle 34, as arbitration. 
[0143] 

For example, in boosting steeply the fuel of intensifier 54 lower stream of a river, the amount of lifts 
of the piston control valve 60 is enlarged, and it enlarges a fuel flow passage area. By this, since the 
pressure in a cylinder 56 increases quickly, the displacement rate of a piston 58 becomes quick and a 
steep pressure buildup can be obtained. On the other hand, in boosting gently the fuel of intensifier 
54 lower stream of a river, the amount of lifts of the piston control valve 60 is made small, and it 
makes a fuel flow passage area small. By this, since the pressure in a cylinder 56 increases gently, 
the displacement rate of a piston 58 becomes slow and a loose pressure buildup can be obtained. 
[0144] 

Namely, when an injection pressure inclines (especially the highest injection pressure attainment 
direct total-pressure force R/C (theta 2) of the fuel-injection pattern shown in drawing 1 mentioned 
above and the rate of pressure drawdown at the time of the Maine injection termination (theta 3)) and 
it changes this, it is decided [ a stationary and ] by balance of the fuel quantity sent out from a piston 
58, and the fuel quantity which blows off from a fuel injection nozzle 34 by improving an injection 
pressure whether to fall. The injection pressure is improved if [ than the fuel quantity from which the 
fuel quantity sent out from a piston 58 blows off] more. An injection pressure will become a 
stationary if the fuel quantity which blows off from a fuel injection nozzle 34 is the same as the 
amount sent out from a piston 58. If fewer than the fuel quantity from which the fuel quantity sent 
out from a piston 58 blows off on the other hand, the injection pressure falls. 
[0145] 

Thus, in the opening area control performed by changing the fuel flow passage area (substantial 
opening area of passage) to a cylinder 56 by the piston control valve 60, the rate of increase and the 
decreasing rate of an injection pressure are changed directly. The highest injection pressure changes 
in connection with the rate of increase of an injection pressure. 
[0146] 

When carrying out multi-injection which performs pilot injection, the Maine injection, and after 
injection like the fuel-injection pattern which this shows to drawing 1 mentioned above, the rate of 
after [ boot fuel-injection-period termination ] pressure build-up (theta 1), the highest injection 
pressure attainment direct total-pressure force rate of increase (theta 2), the rate of a pressure drop at 
the time of the Maine injection termination (theta 3), etc. can be controlled freely (it sets up, or 
changes and carries out). 
[0147] 

Here, when carrying out multi-injection by the fuel-injection pattern shown in drawing 1 mentioned 
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above, the method of setting up an injection rate by changing the fuel flow passage area of a cylinder 
56 by the piston control valve 60 is shown to drawing 13 thru/or drawing 15 by the rough diagram. 
In this case, the pattern with which drawing 13 changes the rate of an after [ boot fuel-injection- 
period termination ] pressure buildup (theta 1) is shown, the pattern with which drawing 14 changes 
the highest injection pressure attainment direct total-pressure force R/C (theta 2) is shown, and the 
pattern with which drawing 15 changes the rate of pressure drawdown at the time of the Maine 
injection termination (theta 3) is shown. 
[0148] 

Thus, according to the fuel-injection approach concerning this example, the injection rate of the fuel 
injected from a fuel injection nozzle 34 can be set as arbitration by controlling the inflow of fuel oil 
by changing the fuel flow passage area (substantial opening area of passage) to a cylinder 56 by the 
piston control valve 60 (the degree of freedom of the fuel-injection pattern based on the injection rate 
of a fuel is expanded), (the movement magnitude and the migration stage of the piston control valve 
60 are adjusted) (modification) 
[0149] 

Moreover, especially, since it is the configuration of changing the fuel flow passage area of a 
cylinder 56 by the piston control valve 60, changing the inflow of the fuel into a cylinder 56, and 
changing the passing speed (variation rate rate) of a piston 58 according to this fuel-injection 
approach, even when the highest injection pressure is low, the rate of injection pressure build-up can 
be set up highly temporarily. 
[0150] 

Furthermore, although "the Maine injection" was indicated in the above explanation, control of the 
rate of increase of an injection pressure and a decreasing rate and control of a pressure are possible 
by changing and controlling the fuel flow passage area of a cylinder 56 by the piston control valve 
60 similarly about "after injection." 
[0151] 

In addition, there are usually very few amounts of after injection [ in this case / the amount of the 
Maine injection ]. For example, the injection quantity per time may call it one to 2 cubic millimeter. 
In that case, since the lift of the needle valve 48 of a fuel injection nozzle 34 calls it a sheet choke 
period, distinction of whether have changed the rate of increase of an injection pressure and a 
decreasing rate clearly is difficult. However, it is possible to control the pressure of after injection 
also by the case of such minimum injection quantity by said opening area control. It is exactly that 
control of the rate of increase of this, i.e., an injection pressure, or a decreasing rate has 
accomplished, moreover, the amount of after injection has 5% or more of Maine injection quantity — 
if it becomes, generally it will be called split injection in this case. Control of the rate of increase of 
an injection pressure, a decreasing rate, and the highest injection pressure is possible by said opening 
area control like the time of the Maine injection also to the case of this split injection. 
D. The example of a fuel-injection pattern 
(Example 1) 

The method of setting the injection quantity and injection pressure to drawing 16 by controlling 
independently the open timing (actuation timing of the injection control valve 52) of a needle valve 
48 and the actuation timing (actuation timing of the piston control valve 60) of an intensifier 54, 
respectively (the phase contrast of actuation being controlled) is shown by the rough diagram. 
[0152] 

When operating the piston control valve 60 between "Al-B" in drawing 16 here so that it may be 
shown as a "nozzle tip pressure" The change pattern of "an injection pressure and the injection 
quantity" at the time of operating the injection control valve 52 before "A0-B", "Al-B", "A2-B", and 
"A3-B", respectively is shown by the diagram, respectively. In addition, in the example shown in 
drawing 16 , it is the case where an injection pressure is made to boost by actuation of an intensifier 
54 until fuel injection is completed. 
[0153] 

Thus, since the stage of injection can be chosen to the open timing of a needle valve 48 to an 
injection pressure increasing gradually by actuation of an intensifier 54 according to the fuel- 
injection approach concerning this example, the control of a fuel-injection pattern based on the 
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injection pressure and the injection quantity of a fuel is attained. 
[0154] 

Therefore, while being able to inject a fuel with sharply high super-high injection pressure compared 
with the former, the highest injection pressure is not uniquely determined by fuel pressure with the 
geometric boost ratio of a pressure accumulator 32, and good combustion and an exhaust air property 
can be realized, and moreover, it becomes possible to perform fuel injection by the fuel-injection 
pattern of arbitration (the degree of freedom of the fuel-injection pattern based on the injection 
pressure and the injection quantity of a fuel is expanded). 
[0155] 
(Example 2) 

The method of setting the injection quantity and injection pressure to drawing 17 by controlling 
independently the open timing (actuation timing of the injection control valve 52) of a needle valve 
48 and the actuation timing (actuation timing of the piston control valve 60) of an intensifier 54, 
respectively (the phase contrast of actuation being controlled) is shown by the rough diagram. 
[0156] 

When operating the piston control valve 60 in drawing 17 here between "Al - A3", or "Al - A4" so 
that it may be shown as a "nozzle tip pressure" The change pattern of "an injection pressure and the 
injection quantity" at the time of operating the injection control valve 52 before "A0-B", "Al-B", 
"A2-B", "A3-B", and "A4-B", respectively is shown by the diagram, respectively. In addition, in the 
example shown in drawing 17 , it is the case where a boost of the injection pressure by the intensifier 
54 is stopped in the middle of fuel injection. 
[0157] 

Thus, since the stage of injection can be chosen to the open timing of a needle valve 48 to an 
injection pressure increasing gradually by actuation of an intensifier 54 according to the fuel- 
injection approach concerning this example, the control of a fuel-injection pattern based on the 
injection pressure and the injection quantity of a fuel is attained. 
[0158] 

Therefore, while being able to inject a fuel with sharply high super-high injection pressure compared 
with the former, the highest injection pressure is not uniquely determined by the fuel pressure of a 
pressure accumulator 32, and good combustion and an exhaust air property can be realized, and 
moreover, it becomes possible to perform fuel injection by the fuel-injection pattern of arbitration 
(the degree of freedom of the fuel-injection pattern based on the injection pressure and the injection 
quantity of a fuel is expanded). 
[0159] 
(Example 3) 

An intensifier 54 is not operated in drawing 18 and drawing 19 , and the method of setting up the 
injection quantity and injection pressure with the common rail pressure by the pressure accumulator 
32 is shown to them by the rough diagram. 
[0160] 

The injection quantity and injection pressure can be set as arbitration by controlling a setup of the 
common rail pressure by the pressure accumulator 32, and the open timing (actuation timing of the 
injection control valve 52) of a needle valve 48 so that it may understand by this drawing 1 8 and 
drawing 19 . 
[0161] 
(Example 4) 

The method of setting the injection pressure in the case of carrying out after injection (the phase 
contrast of actuation being controlled) to drawing 20 thru/or drawing 23 by controlling 
independently the open timing (actuation timing of the injection control valve 52) of a needle valve 
48 and the actuation timing (actuation timing of the piston control valve 60) of an intensifier 54, 
respectively is shown by the rough diagram. 
[0162] 

Drawing 20 is an example which injects [ boot-mold-Maine-] and injects [ high-pressure-after-] here, 
drawing 21 is an example which injects [ boot-mold-Maine-] and injects [ low-voltage- after-], 
drawing 22 is an example which injects [ boot-mold-Maine-] and injects [ medium- voltage-after-], 
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and drawing 23 is an example which injects [ boot-mold-Maine-] and injects [ boot-mold-after-]. 
[0163] 

As shown in each of these drawings, the injection pressure in the case of carrying out after injection 
can be set as arbitration by controlling the open timing (actuation timing of the injection control 
valve 52) of a needle valve 48, and the actuation timing (actuation timing of the piston control valve 
60) of an intensifier 54, respectively. 
[0164] 

In addition, in said each drawing, although illustrated about that whose Maine injection-rate 
configuration is a boot mold, it cannot restrict to this and various patterns can be set up also about 
after injection. 
[0165] 
(Example 5) 

Although each fuel-injection approach was applied to the fuel injection equipment 30 concerning the 
example 1 of a configuration and was explained in the example 1 thru/or example 4 mentioned above 
Even if it is the case of a configuration of that it was made to perform the drive of the fuel injection 
equipment 54 not only concerning this but the example 2 of a configuration mentioned above, i.e., an 
intensifier, by the pressure-up cam, the same various fuel-injection patterns as said example 1 thru/or 
example 4 can be set up, and same operation and effectiveness are done so. 
[0166] 
(Example 6) 

Although the rate of an after [ boot fuel-injection-period termination ] pressure buildup (theta 1), the 
highest injection pressure attainment direct total-pressure force R/C (theta 2), and the rate of pressure 
drawdown at the time of the Maine injection termination (theta 3) can be changed by changing the 
fuel flow passage area of a cylinder 56 by the piston control valve 60 like the above-mentioned The 
Maine boot injection pressure (P2) and the Maine injection maximum pressure (P3) not only in this 
but a boot mold injection pattern can be changed, or the boot mold injection pattern itself can also be 
used as a two-step mold. 
[0167] 

For example, the injection pattern, in the case of changing the boot injection pressure in a boot mold 
injection pattern is shown to drawing 24 by the rough diagram. Moreover, the injection pattern in the 
case of performing two steps of boot mold injections is shown to drawing 25 by the rough diagram. 
[0168] 

Thus, according to the fuel-injection approach concerning this example, the injection rate of the fuel 
injected from a fuel injection nozzle 34 can be set as arbitration by controlling the inflow of fuel oil 
by changing the fuel flow passage area to a cylinder 56 by the piston control valve 60 (the degree of 
freedom of the fuel-injection pattern based on the injection rate of a fuel is expanded), (modification) 

[0169] 
(Example 7) 

By controlling the inflow of fuel oil by changing the fiierflow passage area (substantial opening area 
of passage) to a cylinder 56 about the piston control valve 60 in the example 6 mentioned above 
Although considered as the configuration which sets the injection rate of the fuel injected from a fuel 
injection nozzle 34 as arbitration (modification) It can also constitute from performing periodically 
closing motion of not only this but the piston control valve 60 for a short time so that the fuel flow 
passage area (opening area on the appearance of passage) to a cylinder 56 may be changed. 
[0170] 

That is, periodically, it is equivalent to the case where the opening area of passage itself is changed 

by the piston control valve 60 to open and close the piston control valve 60 for a short time, and it 

can change the opening area on the appearance of passage, and can control the inflow of fuel oil by 

opening and closing the piston control valve 60 periodically for a short time to be shown in drawing 

26. 

[0171] 

(Example 8) 

By controlling "inflow" of fuel oil by changing the fuel flow passage area (substantial opening area 
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of passage) to a cylinder 56 about the piston control valve 60 in the example 6 and example 7 which 
were mentioned above Although considered as the configuration which sets the injection rate of the 
fuel injected from a fuel injection nozzle 34 as arbitration (modification) It can constitute so that the 
"flow" from the cylinder 56 of fuel oil may be controlled by changing the fuel flow passage area to a 
cylinder 56 not only about this but about the piston control valve 60, and thereby, the injection rate 
of the fuel injected from a fuel injection nozzle 34 can also be set as arbitration (modification). 
[0172] 

Even if it is this case, the same various fuel-injection patterns as said example 6 and example 7 can 

be set up, and same operation and effectiveness are done so. 

[0173] 

[Effect of the Invention] 

The fuel-injection approach in the fuel injection equipment applied to this invention as explained 
above While being able to inject a fuel with sharply high super-high injection pressure compared 
with the former, the highest injection pressure is not uniquely determined by the fuel pressure of a 
pressure accumulator. Good combustion, An exhaust air property is realizable, moreover, it is 
possible to perform fuel injection by the fuel-injection pattern of arbitration, and the degree of 
freedom of a fuel-injection pattern is expanded (). That is, it has the outstanding effectiveness that 
the rate of increase of the highest injection pressure of a fuel and the injection pressure concerned at 
the time of boost initiation, the decreasing rate of the injection pressure concerned at the time of 
injection termination, a pilot injection pressure, an after injection pressure, etc. can be set up freely. 
[Brief Description of the Drawings] 

[Drawing 1] It is the diagram showing the example of representation of the fuel-injection pattern of 
the arbitration which can be carried out by the fuel-injection approach in the fuel injection equipment 
concerning the gestalt of operation of this invention. 

[Drawing 2] It is the whole fuel-injection-equipment block diagram as an example concerning the 
gestalt of operation of this invention. 

[Drawing 3] It is the whole fuel-injection-equipment block diagram as an example concerning the 
gestalt of operation of this invention. 

[Drawing 4] It is a diagram for explaining the fundamental property at the time of the injection in the 
case of carrying out fuel injection with common rail pressure in the fuel injection equipment 
concerning the gestalt of operation of this invention. 

[Drawing 5] It is a diagram for explaining the pressure variation in front of the nozzle sheet part in 
the case of carrying out fuel injection by the intensifier injection system (jerk formula injection 
system) in the fiiel injection equipment concerning the gestalt of operation of this invention. 
[Drawing 6] When carrying out fiiel injection by the approach by "phase contrast control of bulb 
actuation" among the fuel-injection approaches in the fiiel injection equipment concerning the gestalt 
of operation of this invention, it is a diagram for explaining a setup of suitable conditions. 
[Drawing 7] It is the diagram showing an example of a fuel-injection pattern which set the highest 
injection pressure and the rate of injection pressure build-up as arbitration by the approach by "phase 
contrast control of bulb actuation" among the fuel-injection approaches in the fuel injection 
equipment concerning the gestalt of operation of this invention. 

[Drawing 8] It is a diagram for explaining the case where the needle lift property of the needle valve 
of a fuel injection nozzle is a property depending on a pressure. 

fDrawing 9] It is the diagram showing an example of a fuel-injection pattern which set the highest 
injection pressure and the rate of an injection pressure drop as arbitration by the approach by "phase 
contrast control of bulb actuation" among the fuel-injection approaches in the fuel injection 
equipment concerning the gestalt of operation of this invention. 

[Drawing 10] It is the diagram showing an example of a fuel-injection pattern which set the after 
injection pressure as arbitration by the approach by "phase contrast control of bulb actuation" among 
the fuel-injection approaches in the fuel injection equipment concerning the gestalt of operation of 
this invention. 

fDrawing 1 1] It is the diagram showing the effectiveness to the exhaust air and the combustion noise 
made by the fuel-injection approach in the fiiel injection equipment concerning the gestalt of 
operation of this invention as compared with the former. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/9/2005 



JP,2004-044494>A [DETAILED DESCRIPTION] 



Page 26 of 27 



[Drawing 12] It is the diagram showing the effectiveness to the output produced by the fuel-injection 
approach in the fuel injection equipment concerning the gestalt of operation of this invention as 
compared with the former. 

[Drawing 13] It is the diagram showing an example which sets up the rate of fuel injection by the 
approach by "passing speed control (modification of a fuel flow passage area) of the piston of an 
intensifier" among the fuel-injection approaches in the fuel injection equipment concerning the 
gestalt of operation of this invention. 

[Drawing 14] It is the diagram showing an example which sets up the rate of fuel injection by the 
approach by "passing speed control (modification of a fuel flow passage area) of the piston of an 
intensifier" among the fuel-injection approaches in the fuel injection equipment concerning the 
gestalt of operation of this invention. 

[Drawing 15] It is the diagram showing an example which sets up the rate of fuel injection by the 
approach by "passing speed control (modification of a fuel flow passage area) of the piston of an 
intensifier" among the fuel-injection approaches in the fuel injection equipment concerning the 
gestalt of operation of this invention. 

[Drawing 16] It is the rough diagram showing an example of an approach which sets up the injection 
quantity and injection pressure by the approach by "phase contrast control of bulb actuation" among 
the fuel-injection approaches in the fuel injection equipment concerning the gestalt of operation of 
this invention. 

[Drawing 17] It is the rough diagram showing an example of an approach which sets up the injection 
quantity and injection pressure by the approach by "phase contrast control of bulb actuation" among 
the fuel-injection approaches in the fuel injection equipment concerning the gestalt of operation of 
this invention. 

[Drawing 18] It is the rough diagram showing an example of an approach which sets up the injection 
quantity and injection pressure among the fuel-injection approaches in the fuel injection equipment 
concerning the gestalt of operation of this invention. 

[Drawing 19] It is the rough diagram showing an example of an approach which sets up the injection 
quantity and injection pressure among the fuel-injection approaches in the fuel injection equipment 
concerning the gestalt of operation of this invention. 

[Drawing 20] It is the rough diagram showing an example of an approach which sets up injection 
pressure (pressure of after injection) among the fuel-injection approaches in the fuel injection 
equipment concerning the gestalt of operation of this invention. 

[Drawing 21] It is the rough diagram showing an example of an approach which sets up injection 
pressure (pressure of after injection) among the fuel-injection approaches in the fuel injection 
equipment concerning the gestalt of operation of this invention. 

[Drawing 22] It is the rough diagram showing an example of an approach which sets up injection 
pressure (pressure of after injection) among the fuel-injection approaches in the fuel injection 
equipment concerning the gestalt of operation of this invention. 

[Drawing 23] It is the rough diagram showing an example of an approach which sets up injection 
pressure (pressure of after injection) among the fuel-injection approaches in the fuel injection 
equipment concerning the gestalt of operation of this invention. 

[Drawing 24] It is the rough diagram showing an example of an approach which changes a boot 
injection pressure among the fuel-injection approaches in the fuel injection equipment concerning 
the gestalt of operation of this invention. 

[Drawing 25] It is the rough diagram showing an example of an approach which performs two steps 
of boot mold injections among the fuel -injection approaches in the fuel injection equipment 
concerning the gestalt of operation of this invention. 

[Drawing 26] It is the rough diagram showing other examples of the approach of changing a fuel 
flow passage area among the fuel-injection approaches in the fuel injection equipment concerning 
the gestalt of operation of this invention. 

fDrawing 27] It is the diagram showing the change condition of the pressure of the intensifier 
downstream when fuel injection is carried out by the fuel-injection approach in the conventional fuel 
injection equipment. 

[Drawing 28] It is a diagram corresponding to the drawing 2727 (B) showing the change condition of 
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the desirable pressure of the intensifier downstream when fuel injection is carried out. 

[Description of Notations] 

30 Fuel Injection Equipment 

32 Pressure Accumulator 

34 Fuel Injection Nozzle 

36 The Main Oilway 

38 Fuel Booster Pump 

40 Pressure Latching Valve 

42 Oil Sac for Injection Control 

46 Command Piston 

48 Needle Valve 

52 Injection Control Valve 

54 Intensifier 

56 Cylinder 

58 Piston 

60 Piston Control Valve (Intensifier Control Means) 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 7] 




[Drawing 8] 




[Drawing 9] 
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[Drawing 10] 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 14] 
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[Drawing 16] 
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[Drawing 17] 
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[Drawing 18] 
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[Drawing 191 
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[Drawing 211 
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[Drawing 22] 
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[Drawing 23] 
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[Drawing 27] 
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[Drawing 28] 
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